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Description 

This invention relates to an angular velocity sensor according to the preamble of claim 1. 
A sensor of this type is known from EP-A-0461761 . 
5 In the automobile industry, machinery industry, and the like, there has been an increased demand for sensors 

capable of precisely detecting acceleration or angular velocity of a moving object (body). In general, an object which 
carries out free movement in a three-dimensional space bears an acceleration in an arbitrary direction and an angular 
velocity in an arbitrary rotational direction. For this reason, in order to precisely grasp movement of this object, it is 
necessary to independently detect acceleration components in every respective coordinate axial direction and angular 
10 velocity components about every respective coordinate axis in the XYZ three-dimensional coordinate system, respec- 
tively. 

Hitherto, multi-dimensional acceleration sensors of various types have been proposed. For example, in the Inter- 
national laid Open No. WO88/08522 based on the Patent Cooperation Treaty (U.S.R No. 4967605/U.S.P. No. 
5 1 825 1 5), there is disclosed an acceleration sensor in which resistance elements formed on a semiconductor substrate 

is are used to detect applied acceleration components in every respective coordinate axial direction. Further, in the In- 
ternational Laid Open No. WO91/1011B based on the Patent Cooperation Treaty (U.S.R Appln. No: 07/761771), a 
multi-axial acceleration sensor having self-diagnostic function is disclosed. Further, in the International Laid Open No. 
W092/1 7759 based on the Patent Cooperation Treaty (U.S.P. Appln. No. 07/952753), there is disclosed an acceleration 
sensor in which electrostatic capacitance elements or piezoelectric elements are used to detect applied acceleration 

20 components in every respective coordinate axial direction: Further, also in the Japanese Patent Application No. 
274299/1 990 (Tokuganhei 2-274299) specification and the Japanese Patent Application No. 41 6188/1 990 (Tokuganhei 
2-416188) specification (U.S.P. Appln. No. 07/764159), a multi-axial acceleration sensor similar to the above is dis- 
closed. In the Japanese Patent Application No. 306587/1991 (Tokuganhei 3-306587) specification (U.S.P. Appln. No. 
07/960545), a novel electrode arrangement in a similar multi-axial acceleration sensor is disclosed. In addition, in the 

25 international Application PCT/JP92/00882 specification based on the Patent Cooperation Treaty, a multi-axial accel- 
eration sensor using piezoelectric element of another type is disclosed. The feature of these acceleration sensors is 
that a plurality of resistance elements, electrostatic capacitance elements or piezoelectric elements are arranged at 
predetermined positions of a substrate having flexibility to detect applied acceleration components on the basis of 
changes in resistance values of the resistance elements, changes in capacitance values of the electrostatic capacitance 

so elements or changes in voltages produced in the piezoelectric elements. A weight body is attached on the substrate 
having flexibility. When an acceleration is applied, a force is applied to the weight body and bending occurs in the 
flexible substrate. By detecting this bending on the basis of the above-described changes in resistance values, capac- 
itance values or charges produced, it is possible to determine acceleration components in respective axial directions. 
On the contrary, the inventor of this application cannot find any literature relating to a multi-dimensional angular 

35 velocity sensor so far as he knows. Ordinarily, angular velocity sensors are utilized for detecting an angular velocity of 
a power shaft, etc. of a vehicle, and only have a function to detect an angular velocity about a specific single axis (EP- 
A-0461761). in such cases of determining a rotational velocity of the power shaft, it is sufficient to use an one-dimen- 
sional angular velocity sensor. However, in order to detect angular velocity with respect to an object which carries out 
free movement in a three-dimensional space, it is necessary to independently detect angular velocity components 

<o about respective axes of the X-axis, the Y-axis and the 2-axis in the XYZ three-dimensional coordinate system. In order 
to detect angular velocity components about respective axes of the X-axis, the Y-axis and the Z-axis by using one- 
dimensional angular velocity sensors conventionally utilized, it is necessary that three sets of angular velocity sensors 
are prepared to attach them in specific directions permitting detection of angular velocity components about respective 
axes. For this reason, the structure as the entirety of the sensor becomes complicated, and the cost also becomes high. 

45 

DISCLOSURE OF THE INVENTION 

An object or this invention is to provide a novel multi -axial angular velocity sensor having a relatively simple structure 
and capable of independently detecting angular velocity components about respective axes of X-axis, Y-axis and Z- 
so axis in XYZ three-dimensional coordinate system, respectively. 

This is achieved by the features of claim 1 , preferred embodiments are defined by the dependent claims. 

The fundamental principle utilized in this invention resides in that in the case where an angular velocity <o about a 
first coordinate axis is exerted on an oscillator placed in an XYZ three-dimensional coordinate system, when this os- 
cillator is oscillated in a second coordinate axis direction, a Coriolis force proportional to the magnitude of the angular 
55 velocity <o is produced in a third coordinate axis direction. In order to detect angular velocity (d by utilizing this principle, 
means for oscillating an oscillator in a predetermined coordinate axis direction, and means for detecting displacement 
in a predetermined coordinate axis direction produced in the oscillator by action of the Coriolis force are required. In 
addition, in order to detect all of angular velocity corhponent cox about the X-axis, angular velocity component cay about 
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the Y-axis, and angular velocity component toz about the Z-axis, means tor oscillating the oscillator in three axes 
directions and means for detecting displacements in the three axes directions produced in the oscillator are required. 
This invention provides a sensor having such means, and is characterized by the features of claim 1. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the fundamental principle of an one-dimensional angular velocity sensor 
utilizing Coriolis force conventionally proposed. 

Fig. 2 is a view showing angular velocity components about respective axes in an XYZ three-dimensional coordi- 
io nate system, which are to be detected in this invention. 

Fig. 3 is a view for explaining the fundamental principle for detecting an angular velocity component oax about the 
X^is by this invention. 

Fig. 4 is a view for explaining the fundamental principle for detecting an angular velocity component cay about the 
Y-axis by this invention. 

is Fig. 5 is a view for explaining the fundamental principle for detecting an angular velocity component coz about the 
Z-axis by this invention. 

Fig. 6 is a side cross sectional view showing the structure of a multi-axial angular velocity sensor according to a 
first embodiment of this invention. 

Fig. 7 is a top view of flexible substrate 110 of the multi-axial angular velocity sensor shown in Fig. 6. 
20 Fig. 8 is a bottom view of fixed substrate 1 20 of the multi-axial angular velocity sensor shown in Fig. 6. 

Fig. 9 is a side cross sectional view showing the state where oscillator 1 30 in the multi-axial angular velocity sensor 
shown in Fig. 6 is caused to undergo displacement in the X-axis direction. 

Fig. 10 is a side cross sectional view showing the state where oscillator 130 in the multi-axial angular velocity 
sensor shown in Fig. 6 is caused to undergo displacement in the -X axis direction. 
25 Fig. 1 1 is a side cross sectional view showing the state where oscillator 1 30 in the multi-axial velocity sensor shown 
in Fig. 6 is caused to undergo displacement in the Z-axis direction. 

Fig. 12 is a view showing a voltage waveform supplied for allowing oscillator 130 to produce oscillation Ux in the 
X-axis direction in the multi-axial angular velocity sensor shown in Fig. 6. 

Fig. 13 is a view showing a voltage waveform supplied for allowing oscillator 130 to produce oscillation Uy in the 
so Y-axis direction in the multi-axial angular velocity sensor shown in Fig. 6. 

Fig. 14 is a view showing a voltage waveform supplied for allowing oscillator 130 to produce oscillation Uz in the 
Z-axis direction in the multi-axial angular velocity sensor shown in Fig. 6. 

Fig. 1 5 is a side cross sectional view showing the phenomenon that Coriolis force Fy is produced on the basis of 
angular velocity component m when oscillator 1 30 is caused to produce oscillation Uz in the multi-axial angular velocity 
55 sensor shown in Fig. 6. 

Fig. 1 6 is a side cross sectional view showing the phenomenon that Coriolis force Fz is produced on the basis of 
angular velocity component toy when oscillator 1 30 is caused to produce oscillation Ux in the multi-axial angular velocity 
sensor shown in Fig. 6. 

Fig. 17 is a side cross sectional view showing the phenomenon that Coriolis force Fx is produced on the basis of 
40 angular velocity component <az when oscillator 1 30 is caused to produce oscillation Uy in the multi-axial angular velocity 
sensor shown in Fig. 6. 

Fig. 18 is a circuit diagram showing an example of a circuit for detecting change of a capacitance value of elec- 
trostatic capacitance element C. 

Fig. 1 9 is a timing chart for explaining the operation of the circuit shown in Fig. 1 8. 
45 Fig. 20 is a circuit diagram showing an example of a circuit for detecting changes of capacitance values of a pair 
of electrostatic capacitance elements C1 , C2. 

Fig. 21 is a timing chart for explaining the operation of the circuit shown in Fig. 20. 

Fig. 22 is a side cross sectional view for explaining the principle of a first modification of the multi-axial angular 
velocity sensor shown in Fig. 6. 
so Fig. 23 is another side cross sectional view for explaining the principle of the first modification of the multi-axial 
angular velocity sensor shown in Fig. 6. 

Fig. 24 is a further side cross sectional view for explaining the principle of the first modification of the multi-axial 
angular velocity sensor shown in Fig. 6. 

Fig. 25 is a side cross sectional view showing a more practical structure of the first modification of the multi-axial 
55 angular velocity sensor shown in Fig. 6. 

Fig. 26 is a view showing an example of a method of applying a voltage to respective electrodes of the multi-axial 
angular velocity sensor shown in Fig. 25. 

Fig. 27 is a side cross sectional view showing a more practical structure of a second modification of the multi-axial 
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angular velocity sensor shown in Fig. 6. 

Fig. 28 is a side cross sectional view showing the structure ot a multi-axial angular velocity sensor according to a 
second embodiment ot this invention. 

Fig. 29 is a top view of flexible substrate 210 ot the multi-axial angular velocity sensor shown in Fig. 28. 
5 Fig. 30 is a side cross sectional view showing a cross section at another position of the multi-axial angular velocity 

sensor shown in Fig. 28. 

Fig. 31 is a bottom view ot fixed substrate 230 ot the multi-axial angular velocity sensor shown in Fig. 28. 
Fig. 32 is a side cross sectional view showing a first modification of the multi-axial angular velocity sensor shown 
in Fig. 28. 

io Fig. 33 is a side cross sectional view showing a second modification of the multi-axial angular velocity sensor 
shown in Fig. 28. 

Fig. 34 is a top view of flexible substrate 250 of the multi-axial angular velocity sqhsot shown in Fig. 33. 
Fig. 35 is a side cross sectional view showing the structure of a multi-axial angular velocity sensor according to a 
third embodiment of this invention. 
is Fig. 36 is a top view of flexible substrate 310 of the multi-axial angular velocity sensor shown in Fig. 35. 
Fig. 37 is a view showing arrangement of resistance elements R shown in Fig. 36. 

Fig. 38 is a side cross sectional view showing a state where Coriolis force Fx is exerted on the mulli-axia! angular 
velocity sensor shown in Fig. 35. 

Fig. 39 is a circuit diagram showing an example of a circuit for detecting Coriolis force Fx in the X-axis direction 
20 exerted on the multi-axial angular velocity sensor shown in Fig. 35. 

Fig. 40 is a circuit diagram showing an example of a circuit for detecting Coriolis force Fy in the Y-axis direction 
exerted on the multi-axial angular velocity sensor shown in Fig. 35. 

Fig. 41 is a circuit diagram showing an example of a circuit for detecting Coriolis force Fz in the Z-axis direction 
exerted on the multi-axial angular velocity sensor shown in Fig. 35. 
zs Fig. 42 is a side cross sectional view showing a structure of a multi-axial angular velocity sensor according to a 
fourth embodiment of this invention. 

Figs. 43(a) and 43(b) are views showing a polarization characteristic of a piezoelectric element used in the multi- 
axial angular velocity sensor shown in Fig. 42. 

Fig. 44 is a side cross sectional view showing a state where the multi-axial angular velocity sensor shown in Fig. 
30 42 is caused to undergo displacement in the X-axis direction. 

Fig. 45 is a side cross sectional view showing a state where the mutti-axial angular velocity sensor shown in Fig. 
42 is caused to undergo displacement in the Z-axis direction. 

Fig. 46 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
multi-axial angular velocity sensor shown in Fig. 42. 
35 Fig. 47 is a wiring diagram showing a wiring for detecting Coriolis force Fy in the Y-axis direction exerted on the 

multi-axial angular velocity sensor shown in Fig. 42. 

Fig. 48 is a wiring diagram showing a wiring for detecting Coriolis force Fz in the Z-axis direction exerted on the 
multi-axial angular velocity sensor shown in Fig. 42. 

Figs. 49(a) and 49(b) are views showing a polarization characteristic opposite to the polarization characteristic 
40 shown in Figs. 43(a) and 43(b). 

Fig. 50 is a plan view showing a distribution of the polarization characteristics of a piezoelectric element used in 
the first modification of the mutti-axial angular velocity sensor shown in Fig. 42. 

Fig. 51 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
mutti-axial angular velocity sensor using piezoelectric elements shown in Fig. 50. 
45 Fig. 52 is a wiring diagram showing a wiring lor detecting Coriolis force Fy in the Y-axis direction exerted on the 
mutti-axial angular velocity sensor using piezoelectric elements shown in Fig. 50. 

Fig. 53 is a wiring diagram showing a wiring for detecting Coriolis force Fz in the Z-axis direction exerted on the 
multi-axial angular velocity sensor using piezoelectric elements shown in Fig. 50. 

Fig. 54 is a side cross sectional view showing a structure of a second modification of the multi-axial angular velocity 
so sensor shown in Fig. 42. 

Fig. 55 is a side cross sectional view showing a structure of a third modification of the multi-axial angular velocity 
sensor shown in Fig. 42. 

Fig. 56 is a side cross sectional view showing a structure of a fourth modification of the multi-axial angular velocity 
sensor shown in Fig. 42. 

55 Fig. 57 is a top view showing a structure of a multi-axial angular velocity sensor according to a fifth embodiment 
of this invention. 

Fig. 58 is a side cross sectional view showing the structure of the mufti-axial angular velocity sensor shown in Fig. 

57. 
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Fig. 59 is a top view showing an arrangement ol localized elements defined in the multi-axial angular velocity 
sensor shown in Fig. 57. 

Figs. 60(a) and 60(b) are views showing a polarization characteristic of a piezoelectric element used in the multi- 
axial angular velocity sensor shown in Fig. 57. 
5 Fig. 61 is a side cross sectional view showing a state where the multi-axial angular velocity sensor shown in Fig. 

57 is caused to undergo displacement in the X-axis direction. 

Fig. 62 is a side cross sectional view showing a state where the multi-axial angular velocity sensor shown in Fig. 
57 is caused to undergo displacement in the Z-axis direction. 

Fig. 63 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
10 multi-axial angular velocity sensor shown in Fig. 57. 

Fig. 64 is a wiring diagram showing a wiring lor detecting Coriolis force Fy in the Y-axis direction exerted on the 
multi-axial angular velocity sensor shown in Fig. 57. 

Fig. 65 is a wiring diagram showing a wiring for detecting Coriolis force Fz in the Z-axis direction exerted on the 
multi-axial angular velocity sensor shown in Fig. 57. 
15 Figs. 66(a) and 66(b) are views showing a polarization characteristic opposite to the polarization characteristic 
shown in Fig. 60. 

Fig. 67 is a plan view showing a distribution of the polarization characteristics of a piezoelectric element used in 
the first modification of the multi-axial angular velocity sensor shown in Fig. 57. 

Fig. 68 is a side cross sectional view showing a state where Coriolis force Fx in the X-axis direction is exerted on 
20 the multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 69 is a side cross sectional view showing a state where Coriolis force Fz in the Z-axis direction is exerted on 
the multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 70 is a wiring diagram showing a wiring for detecting Coriolis force Fx in the X-axis direction exerted on the 
multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 
25 Fig. 71 is a wiring diagram showing a wiring for detecting Coriolis force Fy in the Y-axis direction exerted on the 
multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 72 is a wiring diagram showing a wiring for detecting Coriolis force Fz in the Z-axis direction exerted on the 
multi-axial angular velocity sensor using the piezoelectric element shown in Fig. 67. 

Fig. 73 is a side cross sectional view showing a structure of a second modification of the multi-axial angular velocity 
30 sensor shown in Fig. 57. 

Fig. 74 is a side cross sectional view showing a structure of a third modification of the multi-axial angular velocity 
sensor shown in Fig. 57. 

Fig. 75 is a perspective view showing a fundamental principle of a multi-axial angular velocity sensor according 
to a sixth embodiment of this invention. 
35 Fig. 76 is a side cross sectional view showing a more practical structure of the multi-axial angular velocity sensor 
according to the sixth embodiment of this invention. 

Fig. 77 is a flowchart showing a procedure of a detecting operation in the multi-axial angular velocity sensor ac- 
cording to this invention. 

Fig. 78 is a view showing an actual example of a circuit configuration for carrying out the detecting operation in 
40 the multi-axial angular velocity sensor according to this invention. 

Fig. 79 is a view for explaining another fundamental principle for detecting angular velocity component <ax about 
the X-axis by this invention. 

Fig. 80 is a view for explaining a further fundamental principle for detecting angular velocity component coy about 
the Y-axis by this invention. 

45 Fig. 81 is a view for explaining a still further fundamental principle for detecting angular velocity component coz 
about the Z-axis by this invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

so §0 Fundamental Principle 

<0. 1> Uni-axial Angular Velocity Sensor 

Initially, the detection principle of angular velocity by a uni-axial angular velocity sensor which forms the foundation 
55 of a multi-axial angular velocity sensor according to this invention will be briefly described. Fig. 1 is a view showing the 
. fundamental principle of an angular velocity sensor disclosed in Magazine "THE INVENTION" complied under the 
supervision of the Japanese Patent Office, vol. 90, No. 3 (1 993), page 60. An oscillator 10 in a square pillar is prepared 
and consideration is now made in connection with an XYZ three-dimensional coordinate system in which X-, Y- and 
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(1) Mechanism utilizing Coulomb force: 

A first electrode and a second electrode are respectively formed on the oscillator side and on the sensor casing 
side to dispose a pair of electrodes in a manner opposite to each other. 11 charges of the same polarity are delivered 
5 to the both electrodes, a repulsive force is exerted. In contrast, if charges of different polarities are delivered, an at- 
tractive force is exerted. Accordingly, when an approach is employed to allow the both electrodes to interchangeably 
undergo repulsive force and attractive force exerted therebetween, the oscillator oscillates relative to the sensor casing. 

(2) Mechanism utilizing piezoelectric element: 

w 

This mechanism is the mechanism used in the uni-axial angular velocity sensor shown in Fig. 1 . By applying an 
a.c. voltage across the piezoelectric element 11, the oscillator 10 is oscillated. 

(3) Mechanism utilizing electromagnetic force: 

15 

An oscillator comprised of a magnetic material is used and a coil is disposed on the sensor casing side to allow a 
current to flow in the coil to exert an electromagnetic force thereon to oscillate the oscillator. 

On the other hand, as the mechanism for detecting Coriolis force, respective mechanism as described below may 
be utilized. 

20 

(1) Mechanism utilizing change of the electrostatic capacitance: 

A first electrode and a second electrode are respectively formed on the oscillator side and on the sensor casing 
side to dispose a pair of electrodes in a manner opposite to each other. When a Coriolis force is applied to the oscillator, 
2S so displacement takes place, the spacing (distance) between the both electrodes varies. For this reason, the electror 
static capacitance value of an electrostatic capacitance element constituted by the both electrodes varies. By measuring 
a change of the capacitance value, the applied Coriolis force is detected. 

(2) Mechanism utilizing piezoelectric element: 

30 

This mechanism is the mechanism used in the uni-axial angular velocity sensor shown in Fig. 1 . When a Coriolis 
force F is applied to the piezoelectric element 12, the piezoelectric element 12 produces a voltage proportional to the 
Coriolis force F. By measuring the voltage thus produced, the applied Coriolis force is detected. 

3S (3) Mechanism utilizing differential transformer: 

An oscillator comprised of a magnetic material is used and a coil is disposed on the sensor casing side. When a 
Coriolis force is applied to the oscillator, so any displacement takes place, the distance between the oscillator and the 
coil varies. For this reason, inductance of the coil varies. By measuring a change of the inductance, the applied Coriolis 
40 force is detected. 

(4) Mechanism utilizing piezo-resistance element: 

A'substrate such that bending takes place when a Coriolis force is applied thereto is provided. A piezo-resistance 
45 element is formed on the substrate to detect a bending produced in the substrate as a change of the resistance value 
of the piezo-resistance element. Namely, by measuring a change of the resistance value, the applied Coriolis force is 
detected. 

While the fundamental principle of the multi-axial angular velocity sensor according to this invention has been 
briefly described, more practical examples of sensors of a simple structure operative on the basis of such fundamental 
so principle will now be described below. 

S1 FIRST EMBODIMENT 

<1. 1> Structure Of Sensor According To First Embodiment 

55 

A multi-axial angular velocity sensor according to the first embodiment of this invention will be first described. The 
sensor of the first embodiment is a sensor in which a mechanism utilizing Coulomb force is used as the oscillation 
mechanism and a mechanism utilizing change of electrostatic capacitance is used as the detection mechanism. 
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Fig. 6 is a side cross sectional view of the multi-axial angular velocity sensor according to the first embodiment. A 
flexible substrate 110 and a fixed substrate 120 are both a disk-shaped substrate, and are disposed in parallel to each 
other with a predetermined spacing (distance) therebetween. On the lower surface of the flexible substrate 110, a 
columnar oscillator 130 is fixed. Further, the outer circumferential portion of the flexible substrate 110 and the outer 

5 circumferential portion of the fixed substrate 1 20 are both supported by a sensor casing 1 40. On the tower surface of 
the fixed substrate 120, five upper electrode layers E1 to E5 (only a portion thereof is indicated in Fig. 6) are formed. 
Similarly, on the upper surface of the flexible substrate 110, five lower electrode layers F1 to F5 (only a portion thereof 
is also indicated) are formed. In this embodiment, the fixed substrate 1 20 has sufficient rigidity, so there is no possibility 
that bending may take place. On the other hand, since the flexible substrate 11 0 has flexibility, it functions as so called 

10 a diaphragm. The oscillator 1 30 is constituted with a material having a weight sufficient to produce a stable oscillation. 
For convenience of explanation, consideration will be made in connection with an XYZ three-dimensional coordinate 
system in which the gravity position O of oscillator 1 30 is assumed as the origin. Namely, X-axis is defined in a right 
direction of the figure, Z^axis is defined in an upper direction thereof, and Y-axis is defined in a direction perpendicular 
to plane surface of paper. It can be said that Fig. 6 is a cross sectional view cut along the XZ plane of the sensor. It is 

1$ to be noted that, in this embodiment, the flexible substrate 11 0 and the fixed substrate 120 are both constituted by an 
insulating material. In the case where there is a necessity of constituting these substrates with a conductive material 
such as metal, etc., it is sufficient to form respective electrode layers through insulating films so that these electrode 
layers are not short-circuited. 

The shape and the arrangement of the lower electrode layers F1 to F5 are clearly shown in Fig. 7. Fig. 7 is a top 

20 view of the flexible substrate 110, and the manner how fan-shaped lower electrode layers F1 to F4 and a circular lower 
electrode layer F5 are arranged is clearly shown. On the other hand, the shape and the arrangement of the upper 
electrode layers E1 to E5 are clearly shown in Fig. 8. Fig. 8 is a bottom view of the fixed substrate 1 20, and the manner 
how fan-shaped upper electrode layers E1 to E4 and a circular upper electrode layer E5 are arranged is clearly shown. 
The upper electrode layers E1 to E5 and the lower electrode layers F1 to F5 have the same shape, and are formed at 

25 positions opposite to each other, respectively. Accordingly, electrostatic capacitance elements are formed by corre- 
sponding pairs of opposite electrode layers. Eventually, five electrostatic capacitance elements in total are formed. 
These electrostatic capacitance elements are called electrostatic capacitance elements C1 to C5. For example, an 
element formed by the upper electrode layer E1 and the tower electrode layer F1 is called an electrostatic capacitance 
element C1 . 

30 

< 1 . 2> Oscillation Mechanism Of Osciiiator 

Let now study what phenomenon takes place in the case where a voltage is applied across a predetermined pair 
of electrodes of the sensor. First, consideration will be made in the case where a predetermined voltage is applied 

3S across the electrode layers E1 , F1 . For example, as shown in Fig. 9, when a voltage is applied so that the electrode 
layer E1 side is positive and the electrode layer F1 side is negative, the both electrode layers undergo an attractive 
force based on Coulomb force exerted therebetween. As previously described, flexible substrate 110 is a substrate 
having flexibility. Accordingly, bending takes place by such an attractive force. Namely, as shown in Fig. 9, the flexible 
substrate 1 10 is mechanically deformed so that the distance between the electrode layers E1 , F1 across which voltage 

40 is applied is contracted. When such a mechanical deformation takes place in the flexible substrate 110, oscillator 1 30 
produces a displacement by AX in the positive direction of the X-axis. 

Consideration will be then made in the case where a predetermined voltage is applied across the electrode layers 
E2, F2. For example, as shown in Fig. 10, when a voltage is applied so that the electrode layer E2 side is positive and 
the electrode F2 side is negative, these electrodes undergo an attractive force exerted therebetween. Thus, the flexible 

4S substrate 1 10 is mechanically deformed so that the distance between the electrode layers E2, F2 is contracted. As a 
result, the oscillator 130 produces a displacement by -AX in the negative direction of the X-axis. Eventually, when a 
voltage is applied across the electrode layers E1, F1, the oscillator 130 undergoes a displacement in the positive 
direction of the X-axis. On the other hand, when a voltage is applied across the electrode layers E2, F2, the oscillator 
130 undergoes a displacement in the negative direction of the X-axis. Accordingly, by interchangeably carrying out 

so application of voltage across the electrode layers E1 , F1 and application of voltage across the electrode layers E2, F2, 
it is possible to reciprocate the oscillator 1 30 in the X-axis direction. 

Meanwhile, as shown in Figs. 7 and 8, the above-described electrodes E1.F1; E2, F2 are electrode layers arranged 
on the X-axis. On the contrary, the electrode layers E3, F3, E4, F4 are arranged on the Y-axis. Accordingly, it can be 
easily understood that an approach is employed to interchangeably carry out application of voltage across the electrode 

6 layers E3, F3 and application of voltage across the electrode layers E4, F4, it is possible to reciprocate the oscillator 
1 30 in the Y-axis direction. 

Subsequently, consideration will be made in connection with the case where a predetermined voltage is applied 
across electrode layers E5, F5. For example, as shown in Fig. 11 , when a voltage is applied so that the electrode layer 
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E5 side is positive and the electrode layer F5 side is negative/these electrodes undergo an attractive force exerted 
therebetween, so flexible substrate 110 is mechanically deformed so that the distance between the electrode layers 
E5, F5 is contracted. Since these electrode layers E5, F5 are both positioned at centers of respective substrates, there 
takes place a displacement such that the flexible substrate 110 undergoes parallel displacement in the Z-axis direction 

s without being inclined. As a result, the oscillator 1 30 produces a displacement by AZ in the positive direction of the Z- 
axis. When application of voltage across the both electrode layers E5, F5 is stopped, the oscillator 1 30 returns to the 
original position (position shown in Fig. 6). Accordingly, by intermittently carrying out application of voltage across the 
both electrode layers E5, F5, it is possible to reciprocate the oscillator 130 in the Z-axis direction. 

As stated above, when application of voltage is carried out with respect to a specific set of electrode layers at a 

»o specific timing, it is possible to oscillate the oscillator 1 30 along the X-axis, the Y-axis and the Z-axis. it is to be noted 
that while it has been described that voltage is applied so that the upper electrode layers E1 to E5 side are positive 
and the lower electrode layer F1 to F5 side are negative, even if the polarity is caused to be opposite to the above, an 
attractive force is also exerted, with the result that the same phenomenon takes place. 

Eventually, in order to allow the oscillator 130 to produce oscillation Ux in the X-axis direction, it is sufficient to 

J5 apply a voltage V1 having a waveform as shown in Fig. 1 2 across the electrode layers E1 , F1 , and to apply a voltage 
V2 having a waveform as shown in Fig. 12 across the electrode layers E2, F2. When voltages of such waveform are 
applied, a displacement AX as shown in Fig. 9 is produced in the oscillator 130 at time periods t1, t3, 15, and a dis- 
placement -AX as shown in Fig. 10 is produced in the oscillator 1 30 at time periods t2, t4. Similarly, in order to allow 
the oscillator 1 30 to produce oscillation Uy in the Y-axis direction, it is sufficient to apply a voltage V3 having a waveform 

20 as shown in Fig. 1 3 across the electrode layers E3, F3, and to apply a voltage V4 having a waveform as shown in Fig. 
1 3 across the electrode layers E4, F4. In order to allow the oscillator 1 30 to produce oscillation Uz in the Z-axis direction, 
it is sufficient to apply a voltage V5 having a waveform as shown in Fig. 14 across the electrode layers E5, F5. When 
voltage V5 of such a waveform is applied, a displacement AZ as shown in Fig. 11 is produced in the oscillator 130 at 
time periods t1 , t3, t5, and the oscillator 1 30 returns to the position shown in Fig. 6 by a restoring force of the flexible 

25 substrate 1 1 0 at time periods t2, 14 (At this time, a displacement -AZ corresponding to an inertia force is produced). 

<1 . 3> Mechanism For Detecting Coriolis Force 

1 . 3. 1 Coriolis force based on angular velocity tax about the X-axis 

30 

Subsequently, the mechanism for detecting a Coriolis force exerted on this sensor by making use of changes of 
electrostatic capacitance will be described. Initially, consideration is made in connection with the phenomenon that an 
angular velocity cox about the X-axis is exerted on the sensor. For example, in the case where object 20 shown in Fig. 
2 is carrying out rotational movement at an angular velocity w about the X-axis, if this sensor is mounted on the object 

3S 20, angular velocity (component) m about the X-axis is exerted on the oscillator 130. Meanwhile, as explained with 
reference to Fig. 3, when the oscillator is caused to produce oscillation Uz in the Z-axis direction in the state where • 
angular velocity cox about the X-axis is exerted, a Coriolis force Fy is produced in the Y-axis directbn. Accordingly, 
when an approach is employed to apply a voltage V5 having a waveform as shown in Fig. 14 across the electrode 
layers E5, F5 of this sensor, and to allow the oscillator 130 to produce oscillation Uz in the Z-axis direction, a Coriolis 
force Fy must be produced in the Y-axis direction. 

Fig. 15 is a side cross sectional view showing the state where a mechanical deformation is produced in the flexible 
substrate 110 by this Coriolis force Fy. When the oscillator 130 is oscillated in the Z-axis direction in the state where 
the entirety of the sensor rotates at angular velocity tax about the X-axis (in a direction perpendicular to plane surface 
of the figure), a Coriolis force Fy is produced in the Y-axis direction, so a force for moving the oscillator 130 in the Y- 

45 axis direction is applied. By this force, the flexible substrate 1 1 0 is deformed as shown. Such deformation deviating in 
the Y-axis direction is not based on Coulomb force between electrode layers, but results from Coriolis force Fy. With 
respect to a voltage applied across the electrode layers, voltage V5 as shown in Fig. 14 is only applied across the 
electrode layers E5, F5 as described above, but any application of voltage is not carried out with respect to other pairs 
of electrode layers. In this case, since the Coriolis force Fy produced takes a value proportional to the angular velocity 

so component tax, if the value of the Coriolis force Fy can be measured, it is possible to detect the angular velocity com- 
ponent (dx. 

In view of this, the Coriolis force Fy is measured in accordance with the following method by making use of a 
change of electrostatic capacitance. Let now consider the distances between the upper electrode layers E1 to E5 and 
the lower electrode layers F1 to F5. Since the oscillator 130 oscillates in upper and lower directions of Fig. 15, con- 
55 traction and expansion of the distance between both the electrode layers are cyclically repeated. Accordingly, the 
phenomenon that capacitance values (which are assumed to be indicated by the same reference numerals C1 to C5) 
of the capacitance elements C1 to C5 constituted with the upper electrode layers E1 to E5 and the lower electrode 
layers F1 to F5 all cyclically increase or decrease will be repeated. However, a deformation deviating in the Y-axis 
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is and the detection mechanism. 

t 3 acoridisfo.cebasedonangufervek^i.ya.yaboutthe Y-axis 

hnut the Y axis is exerted on this sensor, as 
Let consider the phenomenon in the cas ^^^^os^ Ux in the X«xis direction in me 
«olained with reference to Fig. 4, when the escalator » caused to p produced in the Z-ax.s direct.on. 

i wTerTanguiar vetocity a* about the Y-ax,s .s exerted^ a C«k*s tore P ^ as show11 ,„ 
aSS. when an approach is employed to apply a v^ageVI and a g sensot a nd to allow osaltotor 
^ across the electrode layers E1 , F1 and ^f^strce^ must b6 produced in the Z-axis direcUon. 
S o produce oscillation Ux in the X-ax.s d.rect.on e a rlhanical deformation is produced in the fl«c.ble 

Ro 1 6 is a side cross sectional view showing the ^, bted jn the M direction in the state where 

subst atfllO by mis Coriolis force Fz. When the osc.lla^ 

meS ety of tJs sensor rotatesatan^ 

oTpSTS me figure), a Coriolis force Fz is ^^^T^O is deformed as shown. Such deformahon 
t Sw-axis direction is applied. By th.s force, the flexible ^ fofce 

S «he re^tionship that according as the ^^^^S according as the Cordis .ore* , Fz 

71 layers is contracted, so the capacity value CSbe^es gr ^ ^ ^ capactence vafue C5 become 
becomes smaller, the distance between both dire P ction , but this oscillation Ux exerts no .nfluence 

^ntistobe noted mat the osc^ 

rmeasurement of capacitance value C5. When the oso Jtor^ » P«* ^ R ^ placed ^ 

?5 to atw L 9 oscillator 130 to produce 
valueotme capacitance elementC^^^ 

Sue*^^ are elects ^^de- 

tection mechanism. 

LaSCorioHsforcebasedonangutarvelocity^abouttheZ^xis ^ ^ 

Rn a.,,.e,ccxts W ermephenomenonin r? e^ 
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subst ale 110 by this coriolla force. Fx mm ^ — . •** «JS 

!h,Z-ax«oCorioieio<ooFxBp»0«o«ln «ie o«™ .Motion OeoM n «ie 

Uyin the Y-axis direction, thus to determine a ^f^^f^j^^^Qates a detected value of angular velocity «oz to be 
Cl.ckttha,^^^ 

determined. Since the electrode ^J*"^ 
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. 4> Circuit For Detecting Coriolis Force 
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<1 4> Circuiirorueiewwiia — . . 

^prised of a resistor 1 53 and a capacrtanc ' e ^ C ^3" 51 resute in becoming the other ^ 
circuit 154. in the upper path, the signal passed f^^JJJJ. OR circuit 15 4 is delivered to an output terming 
toe Exclusive OB circuit 154 as it is. A toon o pu^ of providing sufficient drive aM* w.m 
T2 in this example, the inverter 152 is an e ^"l P ^^e e^ment C. In addition, the inverter ISItean 
respect toadelay^^^^^ 

rr^ssssits i ?*. ^2. d ned pertod b 

delivered to the input terminal T1 in 8 ^ ac,re "te inthe case where a rectangular ax. signal ofahaK 

rigchartshowingv«ve.ormsappear^ 

D eriodlisdeliveredtotheinputterm.nalT1 (^ ttou ^ r °" n ° !L D , anat i onri n this example. The wavetorm on the node 
Kited as a pure rectangular wave ^'Serted waveform detayed by a time a required 

N1 which is one input terminal ol the Exclusive OF c.rcuR 1 \* , , o ^ ^ ternihrf T1. 

to a signal is passed through the inverter 1 5 J. ^PX^terminal of the Exclusive OR circuit 1 * « 
On me other hand, the waveform on the node N2 ^chte ' for ^ a signal is passed through the 

i nverted waveform delayed ^..^^^ 

inverter 152 and a time b required for which a signal is passea u * ^put terminal T1. As a result, the output 
andSaT^ 

wavSorniofthe Exclusive OR circuit 154 obtained a nh> of ^ ^Stance element C vanes, any 
; a pS as shown. When « is now assumedtM resfetor £ and the capacHance elernen 

clge takes place in ^ 
C. Accordingly, the pulse width thus obtained is equai 
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capacitance value difference AC can be obtained as pulse width d. 



20 <1.5> Modification 1 
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possible ,0 oscillate the oscillator 1 30 in a stabilized « h £^2£« r ,o a pair of opposite electrode 
While it is possible to easily deliver charges of P**?£25Sao softhe same polarity. Namely, it is sufficient 
.ayenUece'ssarytomakeaparticulardev^ 

Japply a predetermined voltage across both elecUode kymn o^ ffty To ^ lhls problem 

other but such a method cannot be apphed * «^ ™ 9 fS are ^sed to be o. a double layer structure 
«, e re may be employed a method « T^^J^SU o. a sensor employing such a structure. £wer 
through dielectric substance. Fig. 25 » a s.de fc substrate 171 , and auxiliary electrode layers 

Se te yers F1 to F5 are formed on the upper ^""fi^Zd* substrate 110. The auxitery electrode 
FiatoF5aare formed between the dielectnc substrate 171 i«dl he W* arrange(J a( (he ^ 

^SoFSa have the same sh^^^^^^ 

oositions, respectively. Similarly, upper electrode layersti lib fc subs1rale 172 ^ me fixed 

SL 172, and auxifcry —^.SSS shape as mat of the upper electrode .ayers 
substrate 120. The auxiliary electrode layers E1a to tsa ra 
EltUs and are arranged aUhe same 

tteuchadoublelayerstructureteemptoye,^ \ t »J^ ™™^» exerted therebetween without constraint 
f0 rce exerted therebetween, or to altowthem _, >^£^ c » mM ^*>-^<^ m 
Thic ,c indicated bv using an actual example. Fig. is a view & i y * exam ole in the case where there is a 
SiSSSS- dSfectric substrates in •^^^J%SSL~* « «• ^"T^ 
Lreto a»owlhe electrode layenrEI l"*^^^^^^*^***™^*^^ 
a voltage V across both the electrode layers so ^X7he7ectrode layers E2, F2 to undergo a repulsrve orce 
On iS contrary, in the case where there ,s a f^^^^S^ tratesE2a, F2a and across the electee 
eUedmerebetween.Klseutf^^ 171 being put between the aux ^ 

layers E2, F2 as shown. Since voltage V ™ produce d in the electrode layer F2 and P°s««e charges 

electrode layer and the electrode layer, negative * ar f* a X°° ,,.„ v is appued with the dielectric substrate 172 
a^uc^^ 

^^r^^'^'^^^S^^ E2a. in this way, charges of the same 
p y . t « AvortoH therebetween. 



So a repulsrve force exerted therebetween. 
<1.6> Modification 2 
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<1.6> Modification* • r 6 On 

Tneabove^edniod^ 
the contrary, modification 2 described below ■ ^^^^own in Fig. 27, a single common electrode layer 
r fe ™resl^^ 

EO is formed in place of the upper electrode laye* El r ^ R ^ „ el9C(f0de .ayerson 

electrode layer having such dimenswns to f^of the tower a on this common elecUode 

one side are formed as a single common electro* , teyer as state ^ ^ q{ m(8 sensor. For 

toyer side is always taken as a ^r^^Ts^^cTelectrode layers in order to allow me orator 130 

« "™ aaed m •» «-. w" ""'"i'JSS Jig 1»«< «• »• ™» F "?f' ." 

so becomes simpler. E1 (0 E5 side s are replaced by the common electrode layer 

While me example where the % ££ may be replaced by a common electrode fcyer FO 

EO has been described, the lower electrode layers n to i-o x 



In a manner opposite to the above: 
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§g SECOND EMBODIMENT 

<2. 1> Structure Of Sensor According To Second Embodiment 



is 
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«c2 1> Structure v-m • - . ... . 

^in Q to a second embodiment of this invents will be 
Subsequently, a multi-axial angular velocity sensor ^^^^30,0. the first embodiment in that a 

This sensor includes, as its main components, a first substrate * . second substrates ,220 

S^men^ 

a nrt 930 are comprised ot a glass substrate. Respective suu of ^ firsl substrate 

TSSsTbsSlOisasubstratese^gasthe^ 

^.KS2£!S stfe cL sect-lvjewcu, ^^SS^US; 
/ optional view cut along the cutting lines 30-30 is Fig. du. ne w faJ ^gped opening portions 

^omconianoscil^ 

7f~m 6 213 with respect to the oscillator 211. The oscillator £iw words ^ 6quare 

substrate 220. By tormation ol this recess 221, the oscma 

S GO is square, and is placed in the state ^^f^^^^^^^io^coam^^tec^ 
bTmesideciLsec^^ 

E E0 of the sensor of Fig, 27 shown as modifies »n 2 «th ep rev. V (or „>, 

Such sensors comprised of three substrates are * tjvesub strates thereafter to form electrode 

CTlinglayerstoconnectandcombinemem. If aatoon •JJJJJJJ^ Q0 TOy be 1orme d with a vacuum 

SKI to be formed by a ^SSS^^Si J£ ■»■"«"" general sem.on- 

deposition layer such as aluminum. In the way. electrooe y 

ductor planar process. 
<2 2> Mechanism For Oscillating Oscillator 

==^^^ 

and that of the previously described sensorot MM ^ ^ ^ ele ctrode , teyers F3. 
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that d the previous^ descnbed example. P thod is adopted H is now assumed 

that these two states are repeated one ^ ^ ^ 
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<2 .3> Mechanism For Detecting Coriolis Force • t fnrce exerted on the oscillator 

capacitance values C1, C4 increase whereas c^ , 0 the Coriol« torce Fx. accordance with 

» W» -tang.™" f™" "iS!, . m. *«o* w« ""T^TS^™""* 1 

lorboththeoscillatingmechanismandtheoetec g 
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rt ih* h*«;is of Coriolis torce do not interfere with 
and a circuH * detecting a capacitance va.ue vary.g on the bas* Cor 

each other. 

<2 4> Modification 1 2B 

cjn o8 The substrate functioning as the center of ^ ,eX ^ ve „ 1orm ed at the lower surface of 
Ixibt^^ 

the flexible substrate 250. Since ^ 

is indicated as a flexible portion 252 n F,g .33) . It « now Qf me nexib|e 252 

flexible portion 252 is called a working I porflon 251 and th ^ ^ h a ^ <orm , s {ixea . Further, the 

^.rtton 253 On the lower surface of the working portion 251 an subsWate 280 Even tually, 
SSs is supported by a pedestal 270 and the P^'^l "hVpedestal 270. Since the flexible portion 

TSSZ 260 is placed I hanging state *■* this W ^ !*5 

Sne footer it while 

35 nation is omitted here. 

§9 TH' pn PMBODIMEhfT 

O^SUucfureOfSensorAccordingToThirdEntbod^n. _ 
Subse^ar^^vek.^ 

desc^UWe^^ 



45 



SO 



55 



Fio 35 is a side cross secixxwi ».°« ».-.»-- . - . secono substrate 3»), a uiiru ■ - 

ThiJ2nsof Eludes, as major components. 3 f0 and 330 are constituted with silicon 

rSrSS-e 340. in this embodiment, the M and with a glass substrate. Such structure 

^,1 and the second and lourth £££ Z L**»«* shown in Fig. 32 tn * P«£* 

romnrised of four layers of substrates is substantially w» «»™ rfom1s ^ role serving as the center of 

SnbSslnd eLodiment. Tne ^^T^X broken lines in the 

by the annular flexible portion 31 ^"^^oT^tituted with an osciflator 321. in a 
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JS t o?32 Un hanging state within a space encompassed bythe ^ a ^cement within this space 

S Y-axis are arranged. All elements are ™3SE 321 . resistance values of the pieKKeastance 



<3 2> Mechanism For Oscillating Oscillator 
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by using a power supply 350, a bridge voltage Vty measured by a voltage meter 362 indicates Corioiis force Fy. 
Further, when Corioiis force Fz in the Z-axis direction is applied, resistance value changes take place with respect 

to the tour piezo resistance elements Rzt to Rz4 arranged along the oblique axis. For example, when Corioiis force 

in the positive direction of the Z-axis is applied, resistance values of the piezo resistance elements Rz1 , Rz4 decrease, 
s whereas resistance values of the piezo resistance elements Rz2, Rz3 increase. Accordingly, when a bridge circuit as 

shown in Fig. 41 is formed by these four piezo resistance elements to deliver a predetermined voltage by using a power 

supply 350, a bridge voltage Vz measured by a voltage meter 363 indicates Corioiis force Fz. 

When detection of Corioiis force is carried out by using piezo resistance elements in this way, the mechanism for 

oscillating the oscillator 321 in a predetermined axial direction (utilizing Coulomb's force between electrode layers) and 
10 the mechanism for detecting Corioiis force are completely independent. Thus, there is no possibility that they may 

interfere with each other. 

<3. 4> Modification 

1$ Respective lower electrode layers F1 to F4 in the above-described sensor are arranged on the X-axis and the Y- 
axis similarly to the previously described sensor of the first embodiment. On the contrary, as in the lower electrode 
layers G1 to G4 in the sensor according to the second embodiment shown in Fig. 29, they may be arranged in the first 
to fourth quadrants with respect to the XY plane. Further, the four piezo resistance elements Rz1 to Rz4 may be 
arranged in any axial direction, e.g., may be arranged along the axis in parallel to the X-axis or Y-axis. 

20 

§4 FOURTH EMBODIMENT 

<4. 1 > Structure Of Sensor According To The Fourth Embodiment 

25 A multi-axial angular velocity sensor according to the fourth embodiment of this invention will now be described; 
The fourth embodiment is directed to a sensor using piezoelectric elements for both the oscillating mechanism and 
the detecting mechanism. 

Fig. 42 is a side cross sectional view of the multi-axial angular velocity sensor according to the fourth embodiment. 
This sensor has a structure very similar to the sensor according to the first embodiment shown in Fig. 6, and comprises 

so respective components as described below. Namely, fundamentally, this sensor is of a structure such that, between a 
disk-shaped flexible substrate 410 and a disk-shaped fixed substrate 420, a piezoelectric element 430 similarly disk- 
shaped is inserted On the lower surface of the flexible substrate 410, a columnar oscillator 440 is fixed. Further, the 
outer circumferential portion of the flexible substrate 410 and the outer circumferential portion of the fixed substrate 
420 are both supported by a sensor casing 450. On the upper surface of the piezoelectric element 430, five upper 

35 electrode layers E1 to E5 (only a portion thereof is indicated in Fig. 42) are formed. Similarly, on the lower surface 
thereof, five lower electrode layers F1 to F5 (only a portion thereof is similarly indicated) are formed. The upper surfaces 
of the upper electrode layers E1 to E5 are fixed on the lower surface of the fixed substrate 420, and the lower surfaces 
of the lower electrode layers F1 to F5 are fixed on the upper surface of the flexible substrate 410. In this example, the 
fixed substrate 420 has a sufficient rigidity to such a degree that no bending takes place. On the other hand, the flexible 

40 substrate 41 0 has flexibility and functions as so called diaphragm. Let now consider an XYZ three-dimensional coor- 
dinate system using gravity position O of the oscillator 440 as the origin. Namely, an X-axis is defined in a right direction 
in the figure, as a Z-axis is defined in an upper direction, and a Y-axis is defined in a direction perpendicular to the 
plane surface of paper. Fig. 42 is a cross sectional view cut along the XZ plane of this sensor. It is to be noted that 
shape and arrangement of the upper electrode layers E1 to E5 and the lower electrode layers F1 to F5 are exactly the 
same as those of the sensor of the first embodiment shown in Fig. 6 (see Figs. 7 and 8). Further, in this embodiment, 
the flexible substrate 410 and the fixed substrate 420 are both constituted by insulating material. In the case of at- 
tempting to constitute these substrates with conductive material such as metal, etc., it is sufficient to provide insulating 
films between these substrates and respective electrode layers so that the respective electrode layers are not short- 
circuited with each other. 

so Generally, a piezoelectric element has the first property that when pressure is applied thereto from the external, 
a voltage is produced in a predetermined direction within the piezoelectric element and the second property that when 
voltage is applied thereto from the external, pressure is produced in a predetermined direction within the piezoelectric 
element in a manner opposite to the above. These two properties have the reverse of each other. The relationships 
between directions in which pressure/voltage is applied and directions in which voltage/pressure is produced are in- 

& herent in individual piezoelectric elements. Here, the property of such directivity is called "polarization characteristic". 
The piezoelectric element 430 used in the sensor of this embodiment has a polarization characteristic as shown in 
Figs. 43(a) and 43(b). Namely, when considered from the view-point of the previously described first property, the 
piezoelectric element has a polarization characteristic such that in the case where a force to expand in a thickness 
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on the upper electrode layer E stoe and or £ .ower *££2i- e.ement has a potorizatton characteristic eudh 

second property in a manner opposite to ^S^Silr **•«» «° * e u PP er e,ectrode teyer E "fjj 
that when positive charges and negahve charge^ are respects y j$ p white 

tho tower eiectrode .ayer F side as sh °21 F ^ fe 4 ^ p ecS delivered to the upper electrode layer E rt> and the 

<4 2> Mechanism For Oscillating Oscillator 

Le , now study what phenomenon taKes p.ce ^rZ^Z—ZZ^^ 23= 
delfceredtoapredetermined^^^^ 

tively delivered to the electrode layer El and F1 . £ "~ ^ rty ^own h Fig. 43(b). On the other 

, he piezoelectric element 430 put between ■^•£1225 j^T* , he electrode layers E2. F2 a force 
hand, when positive charges and negative «W element 43 0 put between both the 

t0 expand h. a thickness direction is produced* a ^J^^zoeM e.ement 430 is detom.ec las shown 
electrode layers by the property shown m . Rg. ^"^toSmert in the positive direction o« the X«xis. Now. when 
in Rg. 44and the oscillator 440 is caused '^."^Jf^^Lrs E^ F1, E2. F2 is inverted, the expanding/ 
the polarity o. charges which have been delivered o the *cUo*i^ oscillator 440 is caused to undergo d,s- 

rection. Assuming now that negative charges and P^°"**f^ o( me pie/oetectric element 430 put between 
E?F 5 .a.orceto 9 con^^^ 

both the electrode layers. As a result, the PJf^^^J^^J^^^Q^e Z-axis. When the polarity ot charges which J^ve 
440 is caused to undergo displacement m the ^* w °°**="°" ° din q/contracting state ot the piezoelectric element 
bfendeKveredtomeete^ 

signaLacross the opposite ^f^f^, is ^ered to a specific set of electrode layers, it is possible to 

As stated above, ri a predetermined ac sigrwi =» 
O sciLtheoscillatc,430alongtheX-axis.theY-ax K andtheZ ax*. 

<4 3> Mechanism For Detecting Coriolis Force 
Subse q uent,amet^^^ 

inmeexp.anatiooofthemethodofdet^^^^^^^ 

First, let consider the case where ConoUs foree F>un ™™* nl ot such coriolis force Fx is earned out 

inF fc.„ (1 „accordancewimme^ 

in the state caused to ^^^^^TbiA such oscillating phenomenon in the *ax.s direct™ 
direction perpendicular to plane "^J**^ F^hel^s direction). By action of such Conol* force Fx. 
has no influence on measurement ot Conolis force i-x in in 
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<■«*» : exerted « «» W »« « ^ST^Jh i« v«s di-eata is «««>. oi t» 

exerted at toe left hall. Also in to case J»* 23T„" W „ to ft*. to «*»». " •» «T 

thickness direction as a whole as shown .n Die zoelectric element 430, charges ol a predetermined 

When a pressure as described ^Tg^^SS sh0 wn in Fig, 43(a) and 43(h). According* if 
polarity are produced a. respective ^ e aetec ted. in more practical sense, wrings , « 

charges thus produced are detected, fj^^'^^^ |ayefS . thereby making it possible to detect applied 
shown in Figs * to 48 are ^ 

Coriolis force components Fx, Fy, Fz. For £ ^ „ fe sjble t0 eas)l y understand 

asvoltagedilferenceVxprrxiucedbet^ 9 ^ tf fesp(jctive electrode 

the reason when conation is ScE£2*n d the piezoelectric e.ement 430 put ther- 

layers. Namely, with respect to the eletfrode positL charges and negative charges are respective* 
ebetweenissubjecttoaf<>rcetoe^ 9 O,, „, otner ^ 

produced a. the upper electro^ 

with respect to the electrode layers E1 . F 1 , since a potior or me >f> respe ctively produced at the 

To a force to contract in thickness direction, negative ^^^S^hgly when a wiring as shown 
upper electrode layerEt and the lower electrode J^J^^^^w**^- 
in P Fig. 46 is imp.emented. ^Z^T^ST^^^ Cordis torce Fx. Entirely in the same 
terminal Tx2. Thus, a potential diffe ' e ^^^Z U ppe^ectro6Biaye f ^, E4 and the lower electrode 
manner, when a wiring as shown in Fjg. 4 ]^~ e %Mec^ as a potential difterence Vy across terminate 
,ayersF3, F4. it is possible to detect ^^^S.^eT^ the Z JTdirection as a potential difference Vz 
Tyt and Ty2. In addition, it is possible to detect a ^ understood when consideration 

p Lucedacross,en™na,sTz1 .^^^^^^^e^trode layers by bending as shown in Fig. 
is made in connection with polarity of charges priced ^at resp , ^ elernent 430 put therebe- 

45. Namely, with respect to the electrode teyers E5 JF ^^SSJ 'and positive charges are respectively 
tween is subject to a force to con.rac m , ta*J» 2E££ as shown in Fig. 43(b). Accordingly, when 
produced at the upper electrode layer E5 ,^^fJX^ther negative chafes atterminalTza is implemented 



<4. 4> Detection a Angular Velocity 



45 



SO 
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in order to detect an angular velocity co about* first axis anoson ^ , n tn6 

axis direction to detect a Coriolis force F produced ^ d, ^ a % redetermine d pair of e.ectrode layers, 

SuterSoc^coaboulanyaxisdme^ 

It should be noted that, h the sensor «coro^^ TSTJe same electrode layer may perform the role 
oscillating mechanism and the detect«ng n^an^o^^ me s w ^ pel1orrn o, e rote lor 

,or delivering charges tor producing oscillation ^ ^i^, Wim , he same electrode layer, it is 
detecting charges produced by ConoHs ^^^^S^L- However, in this sensor, since sharing of 

r a ?d^ 

in Fio 3 In this case, it is necessary to detect a Conolis orce i-y P f °°"^ h ^ (0 al|ow oscillator 

c^^ 
430 to undergoes*,^ 

to detect Coriolis torce Fy exerted on the oscWor 430 rt ^ a sutnce ^ ^ F2 afe 

layers E3, F3, E4, F4 as shown in the circuit diagram of Fig. 47. I ne rema a 

not used in this detecting operation. . velocity ^ about the Y-axis on the basis of the 
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meted on the oscillator 430. it is sufficient to delec I* J u are ^ used in th is detecting operat.cn 
rir!ufdiaaram ol Fig. 48. The remaining electrode layers E3 ^ aboutlhe z .axis on the basis ot the principle 

"tnS^^^ X^cis direction when an oscijator 

shown in Fig. 5. In this case, it is necessary to *^^^«^ h F*. 42. h older loaB(i*lheo«^ 
SsedtoundergooscMtetionUy »«he ^^ J^^ng phases opposite to each other across the 
So to undergo oscillation Uy, it * sufficient to app* a.c ■ » ^ , 0 d9lect coriolis lorce Fx exerted on 

4 e£tle layers E3. F3 and across *^^^ m ^L^ layers E1 . Ft. E2. F2 as shown n the 

the oscillator 430, it is sufficient to detect charges P f0 ° uc ^ in Us detecting operation. 

drcuTd agram ol Fig. 46. The remaining «* « * using this sensor as stated abov* 

sharing ol roles with respe^ to respective electee 

1 without hindrance. It should be noted tha ^ s ^ * ^ ^ponents. it is required to carry out time- 

Ss are mixed. Accordingly, in the case Ration characterise o. a piezoelecU. element 

tSeLrihembodimenthadap^arizatKDnchara^ 

jLible to manufacture a piezoelectric f^^Sf^racteristic such that in the case where a^ce to 
Kb) Namely, this piezoelectric element 460 has a > cUat and ^ive charges are respective* 

exoand i^hiLess direction is applied as shown in ^^^^ J„ F sWe , while when a force to contra* 
p^on the upper electrode layer E 8 p^ 3 "^,^ 1 e clX^s and negative chargesare re ^ ct ' vo ^ 
fnthicknessdirectionisapplied ^.shown'^'^iEXayer F side. It is now assumed that, for .^"J™* 
on ,he upper electrode layer E side and on ^"^^Zuzi type I and polarization character* « « *T 
™iarizatkm characteristic as shown in Figs. 43(a) and 43(b is ca ^ polarization characters of the type I 
to£?W<a) and 49(b) is called type II. The f^»***£Z£ [™ £ ^ are such that signs ot charges pro- 
a^dL p^oelectric element 460 having Jjj Verted H should be noted that since upsetting , o 

Sed on me upper surface side and^ 
mtpiezoe.ecM 

TeeS the same piezoelectric element when viewed asa^gte^ configuration such that a portion 

reqL A1 to A5 as shown in Fig. 50. Namely ^J^T* me type „ in regions A1, A3. AS. In this example 
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wtth respect to the sensor using the ^^T^^^\ 0 determine Coriolis force components Fx Fy, 
53 are implemented to the respective electrod e layers^ it «pow rio|istofce Fx in x*x.sd.rection 

Fzaspotentia.drHerencesVx.Vy.Vz.respe^ 

since polarities o. charges produced a. me f ^ e ' a ^^ ^o^. in S 51 - Similarly. W .th respec. to Coriotis lorce 

is replaced by the wiring shown in RgJML 470 having ^zed polarization cr*ractenst.c 

It is to be noted that in the case where the ( e |1|a(or 430 must be varied as occasion demands, 

is used, the polarity of an a.c. signal appUed .« 470 having a localized potation charac 
Namely, it is understood that in the cbbb ^^eXTaSeTacross the electrode layers El , F1 formed in the 

430 in the Y-axis direction. . innin «.nt merits in manutacturing actual sensors as compared to the 

The wirings shown in Figs. 51 to 53 have Figs . 51 , 0 S3 resides in that even in the «se 

wirings shown in Figs. 46 to 48. The feature of the wtnng > shown n J g ^ ^ js app||ed „ 

where a Coriolis force in any direction of the X«^^r charges are necessarily produced on the upper 
.he posrtive direction of each axis, post rve chafes and negate ch g ^ ^ ^ rf ^ Q , 
electrode layer side and on the lower electrode layer «de.e» ^mawng ^ ^ Rgs g1 (o g3 afe 

Si can be simplified. For example let potential (earth). In «h» case, the five 

connected to the sensor casing 450toallow^e— 

lower electrode layers F1 to F5 are brought into the state where jney dire ction is obtained as a voltage 

wUh respect to me earth of terminal ^•^ t ^^^^m^ytz^^<^^ 
obtained asavoltage with respect to ,ne ^ 

Sduct with each other, wiring can become very simple. 

<4. 6> Modification 2 

described modification 1 , it «s poss.ble i to prov.de wmno^n. ^active in this way, there is no necessity 
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abo^scT^^ 

be conductive. If the tower electrode layers F1 to F5 are pe rminea 10 respectively. Namely, as shown 

U n |./u4a law Arfi F 1 tO E5. . 



CUIHIKJII ~" — • 

of five upper electrode layers E1 to E5. 
<4. 7> Modification 3 



<4 7> Modification o 

. « «,« ah0 v e -described second embodiment, it is sufficient to use a flexible 
ln order to further simplify the structure of ^ * C " N **^^ flexible substrate 410. If such a substrate .s 
substrate 480 corr^rised of a conductive matenal 
emptoyed, it is possible to realize the stmcture ^ 

electrode layer FO. ^c^Adtobeacarimonsing^^ 

^SLT^^SS"— 
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<4. 8> Other modifications 



While the above-described sensors all use physically single piezoelectric element 430 or 470. they may be com- 
prised of physically plural piezoelectric elements. For example, in Fig. 50, there may be employed a configuration in 

5 which respective regions A1 to A5 are constituted individual piezoelectric elements, and five piezoelectric elements in 
total are used. As stated above, how many piezoelectric elements are used from a physical point of view is the manner 
which can be suitably changed in design. 

Further, while the outer peripheral portions of flexible substrates 410, 480 are supported by sensor casing 450 in 
the above-described sensor, it is not necessarily required to fix a flexible substrate to a sensor casing. For example, 

jo there may be employed, as shown in Fig. 56, a configuration in which a flexible substrate 490 having a slightly smaller 
diameter is used in place of flexible substrate 480 and the periphery of flexible substrate 490 is allowed to be the end 
of freedom. 

85 FIFTH EMBODIMENT 

1S 

<5. 1> Structure Of Sensor According To Fifth Embodiment 

A multi-axial angular velocity sensor according to the fifth embodiment of this invention will now be described. The 
fifth embodiment is also directed to a sensor using a piezoelectric element for both the oscillating mechanism and the 
20 detecting mechanism similarly to the previously described fourth embodiment. 

Fig. 57 is a top view of the multi-axial angular velocity sensor according to the fifth embodiment. Flexible substrate 
510 is a disk-shaped substrate having flexibility which functions as so called diaphragm. On the flexible substrate 510. 
so called a doughnut disk-shaped piezoelectric element 520 is disposed. On the upper surface of the piezoelectric 
element 520, sixteen upper electrode layers L1 to L16 in forms as shown in the figure are formed at positions shown, 
2S respectively. Further, on the lower surface of the piezoelectric element 520, sixteen lower electrode layers Ml to M1 6 
(although not shown in Fig. 57) having exactly the same shapes as those of the upper electrode layers L1 to L16 are 
formed at positions respectively opposite to the upper electrode layers L1 to L16. Fig. 58 is a side cross sectional view 
of this sensor (For the purpose of avoiding complexity of the figure, only cross sectional portions are illustrated with 
respect to respective electrode layers. This similarly applies to side cross sectional views mentioned below). As clearly 
30 shown in this figure, the doughnut disk shaped piezoelectric element 520 is in so called a sandwich state where it is 
put between sixteen upper electrode layers LI to L16 (only L1 to L4 are shown in Fig. 58) and sixteen lower electrode 
layers Ml to M16 (only M1 to M4 are shown in Fig. 58). The lower surfaces of the lower electrode layers M1 to M16 
are fixed on the upper surface of the flexible substrate 510. On the other hand, an oscillator 550 is fixed on the lower 
surface of the flexible substrate 510, and the peripheral portion of the flexible substrate 510 is fixedly supported by 
35 sensor casing 560. In this embodiment, the flexible substrate 51 0 is constituted by an insulating material. In the case 
where flexible substrate 510 is constituted with a conductive material such as metal, an insulating film is formed on 
the upper surface thereof, thereby preventing sixteen lower electrode layers M1 to M1 6 from being short-circuited. 

Here, for convenience of explanation, let consider an XYZ three-dimensional coordinate system in which the central 
position of the flexible substrate 510 is allowed to be origin. Namely, in Fig. 57, an X-axis is defined in a right direction, 
40 a Y-axis is defined in a lower direction, and a Z-axis is defined in a direction perpendicular to the plane surface of paper. 
Fig 58 is a cross sectional view cut along the XZ plane of this sensor, and flexible substrate 510, piezoelectric element 
520 respective electrode layers L1 to L16. M1 to M16 are all arranged in parallel to the XY plane (In the fifth embod- 
iment, for convenience of explanation, the tower direction in the side cross sectional view is taken as the positive 
direction of the Z-axis). Further, as shown in Fig. 57, on the XY plane, a W1 -axis and a W2-axis are defined in directions 
45 to form an angle of 45 degrees relative to the X-axis or the Y-axis. These W1-axis and W2-axis are both passed through 
the origin O. When such a coordinate system is defined, upper electrode layers L1 to L4 and lower electrode layers 
M1 to M4 are arranged in order from the negative direction toward the positive direction of the X-axis, upper electrode 
layers L5 to L8 and lower electrode layers M5 to M8 are arranged in order from the negative direction toward the 
positive direction of the Y-axis, upper electrode layers L9 to L12 and lower electrode layers M9 to M12 are arranged 
so in order from the negative direction toward the positive direction of the W1 -axis, and upper electrode layers L1 3 to L16 
and tower electrode layers M1 3 to M16 are arranged in order from the negative direction toward the positive direction 
oftheW2-axis. tu 

As previously described, there is me property that when electrode layers are respectively formed on the upper and 
lower surfaces of a piezoelectric element to apply a predetermined voltage across such a pair of electrode layers, a 
ss predetermined pressure is produced within the piezoelectric element, while when a predetermined force is applied to 
the piezoelectric element, a predetermined voltage is produced across the pair of electrode layers. In view of this, it is 
now assumed that sixteen sets of localized elements D1 to D16 are provided by the above«iescribed sixteen upper 
electrode layers L1 to L16, the above-described sixteen lower electrode layers M1 to M16, and sixteen portions of the 
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piezoelectric element 520 put between those electrode layers. For example, a localized element D1 is provided by 
upper electrode layer L1, lower electrode layer M1, and a portion of piezoelectric element 520 put therebetween. 
Eventually, sixteen sets of localized elements Dl to D16 are arranged as shown in the top view ot Fig. 59. 

In this example, as piezoelectric element 520 in this sensor, a piezoelectric ceramics having a polarization char- 

5 acteristic as shown in Figs. 60(a) and 60(b) is used. Namely, this piezoelectric ceramics has a polarization characteristic 
such that in the case where a force to expand along the XY-plane is applied as shown in Fig. 60(a), positive charges 
and negative charges are respectively produced on the upper electrode layer L side and on the lower electrode layer 
M side, while in the case where a force to contract along the XY-plane is applied as shown in Fig. 60(b), negative 
charges and positive charges are respectively produced on the upper electrode layer L side and the tower electrode 

io layer M side. Here, such a polarization characteristic is called type III. Sixteen sets of localized elements 01 to D16 in 
this sensor all have a piezoelectric element having the polarization characteristic of the type III. 

<5. 2> Mechanism For Oscillating Oscillator 

is Subsequently, let study what phenomenon takes place in the case where charges having a predetermined polarity 
are delivered to a predetermined pair of electrode layers of this sensor. Let now consider the case where charges of 
polarities as shown in Fig. 61 are delivered to respective electrode layers constituting four localized elements 01 to 
D4 arranged on the X-axis. Namely, positive charges and negative charges are delivered to electrode layers L1, M2, 
L3, M4 and electrode layers M1, L2, M3, L4, respectively. Thus, localized elements 01 and 03 expand along the XY- 

20 plane by the property shown in Fig. 60(a). On the contrary, localized elements D2 and 04 contract along the XY-plane 
by the property shown in Fig. 60(b). As a result, the flexible substrate 510 is deformed as shown in Fig. 61, and the 
oscillator 550 is caused to undergo displacement in the positive direction of the X-axis. Now, when polarities of charges 
which have been delivered to respective electrode layers are inverted, the expanding/contracting state of the piezoe- 
lectric element is also inverted. Thus, the oscillator 550 is caused to undergo displacement in the negative direction 

25 of the X-axis, if the polarities of charges delivered are reciprocally inverted so that such two displacement states take 
place one after another, It is possible to reciprocate the oscillator 550 in the X-axis direction. In other words, the oscillator 
550 is permitted to undergo oscillation Ux with respect to the X-axis direction. 

Such supply of charges can be realized by applying an a.c. signal across opposite electrode layers. Namely, a first 
a.c. signal is applied across electrode layers LI , M1 and across electrode layers L3, M3, and a second a.c. signal is 

30 applied across electrode layers L2, M2 and across electrode layers L4, M4. If signals having the same frequency and 
phases opposite to each other are used as the first and second a.c. signals, it is possible to oscillate the oscillator 550 
in the X-axis.direction. 

A method of allowing the oscillator 550 to undergo oscillation Uy with respect to the Y-axis direction is exactly the 
same as above. Namely, a first a.c. signal is applied across electrode layers L5, M5 and across electrode layers L7, 

55 M7, and a second a.c. signal is applied across electrode layers L6, M6 and across electrode layers L8, M8. If signals 
having the same frequency and phases opposite to each other are used as the first and second a.c- signals, it is 
possible to oscillate the oscillator 550 in the Y-axis direction. 

Consideration will be described in connection with a method of allowing the oscillator 550 to undergo oscillation 
Uz with respect to the Z-axis direction. Let now consider the case where charges of polarities as shown in Fig. 62 are 

40 delive red to respective electrode layers constituting four localized elements 09 to D 1 2 arranged on the W1 -axis. Name- 
ly, positive charges and negative charges are delivered to electrode layers L9, M10, M11, L12 and electrode layers 
M9, L10, L11, Ml 2, respectively. Thus, localized elements 09 and 012 expand along the XY-plane by the property 
shown in Fig. 60(a). On the contrary, localized elements D10 and D11 contract along the XY-plane by the property 
shown, in Fig. 60(b). As a result, the flexible substrate 510 is deformed as shown in Fig. 62, and the oscillator 550. is 

45 caused to undergo displacement in the positive direction of the Z-axis. Now, when polarities of charges which have 
been delivered to respective electrode layers are inverted, the expanding/contracting state of the piezoelectric element 
is also inverted, so the oscillator 550 is caused to undergo displacement in the negative direction of the Z«axis. If 
polarities of charges delivered are reciprocally inverted so that such two displacement states take place one after 
another, it is possible to reciprocate the oscillator 550 in the Z-axis direction. In other words, the oscillator 550 can be 

so caused to undergo oscillation Uz with respect to the Z-oxis direction. 

Such supply of charges can be also realized by applying an a.c. signal across opposite electrode layers. Namely, 
a first a.c. signal is applied across electrode layers 19, M9 and across electrode layers L12, M12, and a second a.c. 
signal is applied across electrode layers L10, M10 and across electrode layers L11, M11 . If signals having the same 
frequency and phases opposite to each other are used as the first and second a.c. signals, it is possible to oscillate 

55 the oscillator 550 in the Z-axis direction. 

As shown in Fig. 59, this sensor is further provided with four localized elements D1 3 to 016 along the W2-axis. 
Although these four localized elements are not necessarily required, they are provided for the purpose of allowing 
oscillating operation in the Z-axis to be more stable and enhancing, to more degree, the detection accuracy of Coriolis 
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forceFzin,heZ-ax*dire«^ 

the same functus o. the f^^^^ 

T^TJSX"^^ '" a,ized e,emente 09 ,0 016 Thus ' ~ s,ab,e 

the oscillator 550 along the X^xis, the Y-axis and the Z-ax.s. 
<5. 3> Mechanism For Detecting Coriolis Force 
Subse q uent*,amemodo<dete^ 

^srre^^ 

oscillator 550 as shown in Fig. 61 (In accordance w-th the pnnc pie sh oscUlator 550 is 
CoriCis force Fx is carried out in the state where osc .I ^ * h F f 61 , but such oscillating 
assumed to be oscillating in a direction perpend.cu.ar to^ the ^^£^^^****Y By action 
phenomenon in theY-axis direction does not a « e «™ a ~ 

d such Gortons force Fx, bending et^eTelements D1 . D3 arranged a.ong the X- 

Thus, a deformation as shown .n F.g. ^ similarty arrange d on the X*xis contract in the X- 

axis expand in the X-axis direction, and located elements 02, ^D*"™"* ™£c£tle layers has a polarization char- 
axis direction. Since the piezoelectric element put between these respect* £ed rrfe laye _ ^ 6mal , 
acterist* as shown in Fig, 60(a) and 60(b). charges J^J, where Coriolis force Fy ta the 

SsSS^ 

trode layers constitute focalized elements 05 to DC i arranged ^ ^s applied. In this case, the flexible sub- 
Let now considers case where Con* force F"^*^^^ Realized elements 09. D12 
strate 510 which performs the function 011 arranged along me 

Sy^^ 

elements D13 to D16 arranged along the W2-axis. - ^p^ented to respective electrode 

By making use of such a phenomenon, w.nngs as shown in F.g, f 3 ^™^ f F Fz { w A te 

te yeS thereby rna,ng ?r ib te «oc^ 

possible to detect Conote force Fx n the X-axis MCMMi ' ^ consideration is made in connection 

and Tx2 as shown in Fig. 63. It is possible to ^ «f"f^*" ^S^X*to Fig. 61 . When a wiring as 
with polarities of charges produced in respective "^J^^^S^nJ. charges are all gath- 
showninFig.63^p,mente^ = 

ered at terminal Tx2. Thus, a potential aitterence vx imolemented to respective electrode layers 

direction. Entirely in the same manner, ^"^^^^SSS^^O^»*t^ 
constituting localized elements 05 to 08 fe implemented to respects 

^rrn^^^ 

force Fz in the Z-axis direction can be made, 
so <5. 4> Detection a Angular Velocity 
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is used lor both the oscillating mechanism and the detecting mechanism similarly to the previously described sensor 
according to the fourth embodiment. In view ot this, let study sharing of roles of respective localized elements in the 

d6,e 2 S^JSSTC vetocay « about the X-axis on the basis o, the principte 
shown in Fig. 3. In this case, it is necessary todetec. Coriolis force Fy produced in the Y-axis direct™ when anoscjllator 
to caused to undergo oscillation Uz in the Z-axis. In order to allow the oscillator 550 to undergo osoHation U rt ■ 
sufficient to deliver an a.c. signal to localized elements D9 to D16 arranged on the W1 -axts and th. W2hi» Further 
nIZ o detect Coriolis force Fy applied to the oscillator 550. * is sufficient to detect voltages produced a, tocahzed 
elements D5 to D8 arranged on the Y-axis. The remaining localized elements 01 to D4 are not used in th.s detecting 

^Subsequently, let consider the operation lor detecting angular velocity «oy about the Y-axis on the basis of the 
principle shown in Fig. 4. In this case, it is necessary to detect Coriolis force Fz produced in the Z-axis direction when 
caused to undergo oscillatton Ux in the X«xis direction. In order to allow ,he collator 550 to undergo 
oscillation Ux. it is sufficient to deliver an a.c. signal to localized elements D1 to D4 arranged on me X-ax«. JFurtt** 
in ordertodeectCoriolisforceFzappliedto the oscillator 550, it is sufficient to f ^ v ^ ,a ? es Pf " c ^ a l 
elements 09 to D16 arranged on the W1-axis and the W2-axis. The remaining localized elements 05 to D8 are not 

""nnS 8 SeTrSration for detecting angular velocity <oz about the Z-axis on the basis o, the principle 
shown in Fig. 5. In this instance, it is necessary to detect Coriolis force Fx produced in the x ^' s t d ' r ^^" a " 
oscillator is caused to undergo oscillation Uy in the Y-axis direction. In order to allow the osc, fetor 550 to undergo 
filiation Uy, it is sufficient to deliver an a.c. signal to localized elements 05 to 08 arranged on the Y-axis. Further .n 
order to detect Coriolis force Fx applied to the oscillator 550. it is sufficient to detect voltages produced at localized 

^ described above, it is seen that in the case of detec.hg any one of angutor velocity components m, oy. ok by 
using this sensor, sharing of the role with respect to respective localized elements is conveniently earned out, so 
Stan is carried out without hindrance. It should be noted that since it is unable to detect plural ones of angular 
veS^ponentsux,^.^ 

c^mpSneriKs necesS toconduct tirne<«vision proc «ssing as described teterto sequentially carry out detecfions 
30 one by one. 

<5. 5> Modification 1 



is 



20 



.25 



35 



40 



45 



In accordance with the abovedescribed sensor of the fifth embodiment, it is possible to determine Conohs force 
<»mDonentsFx Fy FzintheXYZthree^imensional^ 

further t Is pSle to detect angufcr velocity components on the basis of these potential deferences However, m 
order to detectthese potential differences, it is necessary to implement wirings as shown m the circuit diagram .of 
Figs 63 to 65 to respective electrode layers. Such wirings are such that upper electrode layers and tower electrode 
layers are mixed. Therefore, in the case of mass-producing such sensors, the cost for winng cannot be neglected as 
compared to the total cost of product. This modification 1 is characterized in that the polarization characteristic of the 
piezoelectric is partially varied, thereby simplifying wiring to reduce the manufactunng cost. .... 

As previous* described, it is possible to manufacture piezoelectric elements having an arbitrary polanzafion char- 
acteristic by the present technology. For example, the piezoelectric element 520 used in the 
according to the fifth embodiment had a polarization characteristic of the type III as shown » Figs^ 60(a) and 60(b) 
O^e cLary.it is also possible to manufacture piezoelectrfc element 530 hav«g a polar^ation charactons^ of me 
wee IV as shown in Figs 66(a) and 66(b). Namely, it is possible to manufacture piezoelectric element 530 having a 
Sr^tton^eSc such that in the case wLe a force in a direction to expand along the XY plane is applied 
^noTin Fig. 66(a). negative charges and positive ^™'*^r^??ZZ^X 
L side and on the lower electrode layer M side, while in the case where a force in a direction to contract a^g me XY 
50 plane is applied as shown in Fig. 66(b), positive charges and negative charges are restively produced or *e upper 
electrodelayerLsideandon the lower electrode layerMside. Further, it isposstoletoallowaport^of onepiezoelectK: 
elementtolLvepolarizationcharacteristicofmetypelllandtoallowanomerportiontoh 

of Zipe IV. in the modification described below, a piezoelectric element to which such a located polanzation 
processing is implemented is used to thereby simplify the structure of the sensor. . 
« Let now confer piezoelectric element 540 as shown in Fig. 67. This piezoelectnc element 540 is a doughnut d«k 
shaped eLent wh*E is entirely the same in shape as the piezoelectric etement 520 used in the abov^scrtoed 
sensor of Fiq 57 However, its polarization characteristic is different from that of the piezoelectric element 520. The 
piezoelectric element 520 was an element in which all portions have polarization characteristic of the type III as pre- 
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<ha(\ notarization characteristic ot either the type III 

015 (see Figs. 59 and 67). ^u** o) charaes produced at respective electrode layers vary in 

When consideration is now made as to how f^^^Z^ as shown in Fig. 67 is used in place 
lhe Zl where the piezoe.ectric element 540 at upper electrode layers L2. U. IMA 

of the piezoelectric element 520. it .s seen that pdart.es otcn*g P gfe jnvefted Fof exam pie. m 

L10 L11 L14, L15 and lower electrode layers M2 ' ™Bad ctaraosoJ polarities as shown in Fig. 61 are produced 

£f*™<^^**"^^tt%^~ shown h Fig. 68 are 
in the previously described sensor of Fig. 57, whereas cnarg y ^ app||ed charges of 

sensor of this modification. Further, in me case where ^^^^sj.^reas^^pc^s 
as shown in Fig. 62 are produced in the prev^ 

S shown in Fig. 69 are produced *»* * * 

70 to 72 are implemented to respective electrode layers, it is pw» 

Fz as potential differences Vx, W. Vz, , orce Fx ta , h e X«xis direction since polant.es 

For example, with respect to the ^^o J^Tm a7e inverted, the wiring shown in Fig. 63 is replaced by 
of charges produced at electrode layers ,L2, M2 and ^ J^^^o^fowl^lnlhaW**^ 
L wiring shown in Fig. 70. Similarly, with respect t°*e °peratto n for oe 9 ^ ^ ^ m R M 

is^rr^ 

Viator 550 in the X-axis direction, it is >>*c«"°£ ve P ^ ^ „ is suff^ien, o 

04 as shown in Fig. 68. Similarly, in the case n addition , ta , h e case of oscillating the oscllator 

Oliver a.c. signals in phase to all the locataed tements D5 o Da ^ ^ Dg 6 

550 in the Z-axis direction, it is sufficient to deliver a.c. s gnais h actual sensors as compared to the 

550 brings shown in Figs. 70 to 72 have signtficant ~% 0 tQ 9 72 fesides in that even in the case 

wiring in Figs. 63 to 65. The feature ot torn ""^"^^ , he M „ Coriols lorce is applied ,n 
ZZ a Coriolis lorce is applied in any ^IfandTegalve charges are necessarily produced on the upper 
the positive direction of each axis, poM ' *arges and | ^ use of (ea ,ure. it is possible o 

elecwode layer side and on the lower electrode i layer ade respect, ve y ^ JyJ , ^ (n f t0 

s mp S wiring of the entirety of the sensor. Let ^*<^J™™°1°^ potential (earth). In this case, sixteen 
SI , connaUo sensor casing ™***^£Z££Z with £h other. Even if such an approach 
,ower electee layersM1.toM16are-^^^ 
is employed, a potential difference Vx ^ift* Coriolis force Fy in the Y-axis d,ect,on ,s 

reS p^l to the earth of terminal Tx1 . a potenml M terete Vy .n ^ ^ ^ , 

H obtainedasavoltagewKh^^^ 

Fz in the Z-axis direction is obtained^ a* ^J^JJ resp9Ct to sixteen lower electrode layers Ml to M16 .s 

as <5.6> Modification 2 ■ 

ln thecasew*erepiezoe,^ 
described modincation 1. it is possible to provide w.nng allows s ^ fe ^ ^ 

cSctive. As stated above, il lower ^^ k ^ nt ^ M ^SeTelectrboa layers, respectively. Namely as 
so o^lowlng these sixteen electrode layers to be ™SS£Z^o« one common tower electrode layer m 

opposite to all the sixteen upper electrode layers U to L16. 



55 <5. 7> Modification 3 



<5. 7> Modification 3 _ . 

— r ^ 5M " 

570 comprised of a conducive matenal (e.g., metal) P 
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used, the structure in which the tower surface of the piezoelectric element 540 is directly connected to the upper surface 
of the flexible substrate 570 can be realized without using special lower electrode layer MO as shown in the side cross 
sectional view of Fig. 74. In this case, the flexible substrate 570 itself functions as a common lower electrode layer MO. 
In addition, while the lower electrode side is caused to be a common single electrode layer in the above-described 
5 modifications 2, 3. the upper electrode layer side may be a common single electrode layer in a manner opposite to the 
above. 

<5. 8> Other Modifications 

10 While the above-described sensors all use a physically single piezoelectric element 520 or 540, they may be 
constituted with physically plural piezoetectric elements. For example, in Fig. 59, there may be employed a configuration 
in which respective localized elements 01 to 016 are constituted with separate independent piezoelectric elements 
thus to use sixteen piezoelectric elements in total. Further, there maybe employed a configuration in which one localized 
elements are used with respective two localized elements such that a single localized element is used for localized 

?5 elements D1 , 02 and another piezoelectric element is used for localized elements D3, D4, thus to use eight piezoelectric 
elements in total. As stated above, how many piezoelectric elements are used from a physical point of view is the 
matter which can be suitably changed in design. 

$6 SIXTH EMBODIMENT 

20 

<6. 1 > Principle Of Sensor According To Sixth Embodiment 

A multi-axial angular velocity sensor according to the sixth embodiment which will be described below is a sensor 
using a electromagnetic force as the oscillating mechanism and using a differential transformer as the detecting mech- 

2S anism. First, its principle will be briefly described with reference to Fig. 75. A center of gravity position of an oscillator 
610 comprised of a magnetic material is assumed to be origin O to define an XYZ three-dimensional coordinate system. 
Then, a pair of coils J1, J2, a pair of coils J3, J4 and a pair of coils J5, J6 are provided in such a manner that the 
oscillator 610 is put therebetween. 

When six coils are disposed in this way, it is possible to oscillate the oscillator 610 comprised of magnetic material 

so in an arbitrary axis of the X-axis, the Y-axis, the Z-axis. For example, in order to produce oscillation Ux in the X-axis 
direction, it is sufficient to allow a current to reciprocally flow in coils J1, J2 arranged on the X-axis, When current is 
caused to flow in coil J1 , the oscillator 610 moves in the positive direction of the X-axis by magnetic force produced 
by coil J1. Further, when current is caused to flow in coil J2, the oscillator 610 moves in the negative direction of the 
X-axis by magnetic force produced by coil J2. Accordingly, when current is caused to flow reciprocally, the oscillator 

35 610 is reciprocated in the X- axis direction. Similarly, in order to produce oscillation Uy in the Y-axis direction, it is 
sufficient to allow current to* reciprocally flow in coils J3, J4 arranged on the Y-axis, in addition, in order to produce 
oscillation Uz in the Z-axis direction, it is sufficient to allow current to reciprocally flow in coils J5, J6 arranged on the 
Z-axis. 

On the other hand, by sixth coils arranged in this way, it is also possible to detect displacement of the oscillator 
40 610 comprised of magnetic material; For example, in the case where the oscillator 6 1 0 is caused to undergo displace- 
ment in the positive direction of the X-axis, the distance between the oscillator 610 and coil Jl becomes smaller, and 
the distance between the oscillator 610 and coil J2 becomes greater. Generally, when a change takes place in the 
distance of magnetic material with respect to coil, a change takes place in inductance of that coil. Accordingly, if in- 
ductance change of coil J1 and inductance change of coil J2 are detected, it is possible to recognize displacement In 
45 the X-axis direction of the oscillator 61 0. Similarly, by inductance change of coil J3 and inductance change of coil J4, 
it is possible to recognize displacement in the Y-axis direction of the oscillatdr 610. In addition, by inductance change 
of coil J5 and inductance change of coil J6, it is possible to recognize displacement in the Z-axis direction of the oscillator 
6 10. In view of this, if there is employed a structure such that displacement takes place in the oscillator 61 0 by Coriolis 
force, it is possible to detect Coriolis force components in respective axes directions by inductance changes of respec- 
so tive coils. 

While coils J1 to J1 6 serve as both the role for oscillating the oscillator 610 and the rote for detecting displacement 
of the oscillator 61 0 as stated above, coils for oscillation and coils for detection may be separately provided. 

<6. 2> Structure And Operation Of Actual Sensor 

£5 

Fig. 76 is a side cross sectional view showing an actual structure of a multi-axial angular velocity sensor based 
on the above-described principle. A columnar oscillator 610 comprised of a magnetic material such as iron, etc. is 
accommodated within a sensor casing 620. A partition plate 630 is connected on the upper surface of the sensor casing 
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surface of paper in Fig. 76. Hicnosed as shown (although coils J1 , J2 are not shown in Fig. 76, 

damental principle shown in Figs. 3 to 5. 

DETECTING OPERATION 
<7 1> Detection Of Acceleration 

sors really have a double function not only as a m f^^T^ Fi 15 is a view for explaining the operation 
This is indicated in connection with me sensor of ^"^JJ^JJWr velocity «. i. is sufficient to measure 
for detecting angular velocHy « ^J2£S£ ste 5Z £ SLr 1» is caused »o undergo oscillation 
Coriolis force Fy exerted in the Y-axis direct*^ «J «J^» djrection „ pfoduced is that the 

Uz in the Z-axis. Meanwhile, the reason why ^f^^jj^ jpj^e Z-axis direction in the state where angular velocity 
oscillator 1 30 was caused to intentionally ^^f^^V^not produced. However, even if the oscitia.or 
« is exerted. I. the oscilfator 130 is not plated ^JSJ^SSLSr 1» in the Y-axis direction takes place. 
130 is no. oscillated, .here are ^^^^SSZSSSSte the oscillator 130. In accordance with the 
This is the case where an accelerate r Mhe ™£Z£ll a behaving mass, a force proportional lot he mass 
f undamemal rule of dynam.cs. when an ^ eler ^J'^ e ° ation Accordingly, in the case where an acceleration 

the method of delecting Coriolis force. fes n e ctive embodiments, a force detected in a predetermined 

Eventually, in the above^escnbed sen^ 

axial direction, with an oscillator being .ntent *j^ ter velocrty about a predetermined axis. On the 
rr^uxfeofmisCorto^ 

contra*, a force detected n a predetermined axal * r ««*«\ w ^ teke8 a ^ue corresponding to the 

on an acce.era.ton exerted In that ax« '^^g^l s carried out with an osciltetorbebigosci.la.ed, 
acceleration in *e axial direction. As 
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<7 2> Time-divisional Detecting Operation 
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ofacceleratton.With^^ 

because since mere is no necessity of canymg £J Jjj^jy mecnanism , bu , performs on.y the role as the 
electrode layers are not requ.red to period the 9 to the fourth embodiment shown m F.g. 42 

detecting mechanism. For example, .n he case of the sensor a J ^ ^ ^ ^ Qf ou 

circuits as shown in Figs. 46 to 48 are formed ^P^ac Ina.for producing oscii.af.on. For this reason it 
detection of acceleration, there is no ^^^^El to E5 and F, to F5 shown in these circuit 
is unnecessary to deliver an a.c. £££SZ*m indicate accelerations ex. ay, az as they are. 

cordingly, potential differences Vx, Vy. Vz defect ed by s2 delection 0 , angular velocity ray is earned 
Subsequently, detection of angular velocrty tax .s came lout *«»P** „,„ „ ular veiocrty. as 

ou, at U s,rp q S3, and detect - - jjSJ^ **" *~ ~ 

previously described, it ts unable to detect ^pecl-v ' 3ried out h succession by such a time division, 
detections of respective angular ^"J*" 8 S ^ time . As .ong as the detecting operaton ,s 
Finalrv the operation returns from step S5 to step &i '°'J* 



<7. 3> Detecting Circuit 
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<7. 3> ueiwuiiy iHtftctina 

Subsequent,y,1he,undamenta,^ 
operation as previously described Is showninF,. m In _th« figure ^ ^ ^ , „ 

d multi-axial angular velocity sensors which ^"^^JjSJSio and detecting section 720. The pseillafing 
Istrated in a manner divided into two »«^^*3KuLj therein in a predetermined axial direction. 
LionTlOisaeectkmhav^ 

When a drive signal is delivered to respective terminals res^wery a a ^ t0 outpu t a detect.on 

T x^d Z ax«l directions. Further, me detec^^ 

^al^ 

detection signals of displacements with <' s ^ l ^*^ e l*s as both the function on the oscillatmg sec ion 
practtea. sensor, there are instances where therefore difficult to clearly classify respect,ve 

; 10 side and me function on the detec ' ^detecting section 720. However, for convenience, 
sectionsconstitutingmesen^ 

th's se«sor is assumed to be represented by a simple mooe. * i Slivered to respective terminals X, 

Z filiation generator 711 is a circuit for generating a ^ e ^^ erator 711 is . unit for generating, e. 
Y, tiSZmlm ***** 710. in '^^Z^SfSSSio control a drKre signal produced 
q an a.c. signal. Multiplexer 712 includes switches SW1, SW*_ SW3. section 710. On the other 

oscilllg generator 711 delhrered to any one of X, Y. Z of ^ ^ fe rf 

hand, a detection signal outputted from any ^*J£!jJ^^ 722 includes switches SW4, SW5, SW6 and 

— 

a control signal to me detection value output circu-tm 78 is not an actual circuH diagram 

The detecting circuit has been constructed as above j* « ^ q) thedetectino circuit. Accord- 

indicatinganactualcurrentpat^ S» h ^^?.S5^^««^^ W 2SS 

current paths are required. . t ^ tinn ooera tion shown in the flowchart of Fig. 77 will be 

ZZ such a detecting circuit is constructed, ^^S^^t carried out. Namely, the controller 740 
executed as fo.tows. The processing tor detect^ 

delivers/to muhiplexers 712. 722. an ***** ^^^^ is delMe red ,o the oscillating section TO 
switches SW4. SW5. SW6 to be all ^^^^'^J^M. Accordingly, detection signals outputted 
and. an intentional excitation with respect to the oea jme are not a sign al indicating Coriote force, but 
from respective terminate X. Y. ^^^^TtSd ^ acl of acceleration. Since switches SW4 SW5. 
a signal indicating a displacement P^ed byj detecling ciicuit 72 1 , at which displacement quan- 
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az from the detection value output circuit 730, respectively. 

Subsequently, the controller 740 carries out processing tor detecting angular velocity cox as processing at step S2. 
Namely, the controller 740 delivers, to multiplexers 712, 722, on the basis of the principle shown in Fig. 3, an indication 

s to allow switch SW1 to be turned OFF, 

to allow switch SW2 to be turned OFF, 

to allow switch SW3 to be turned ON, 

to allow switch SW4 to be turned OFF, 

to allow switch SW5 to be turned ON, and 
io to allow switch SW6 to be turned OFF. 

As a result, the oscillating section 710 allows the oscillator to undergo oscillation Uz in the Z-axis direction. The detecting 
section 720 outputs, from terminal Y, a detection signal indicating displacement in the Y-axis direction ot the oscillator 
by action of Coriolis force Fy produced at this time. The displacement detecting circuit 721 detects a displacement 

is quantity in the Y-axis direction on the basis of this detection signal. The controller 740 instructs the detection value 
output circuit 730 to output the detected displacement quantity as a value of angular velocity cox about the X-axis. Thus, 
the displacement quantity in the Y-axis direction detected at the displacement delecting circuit 721 is outputted as 
angular velocity cox from the detection value output circuit 730. 

Then, the controller 740 carries out processing for detecting angular velocity coy as processing at step S3. Namely, 

20 the controller 740 delivers, to multiplexers 71 2, 722, on the basis of the principle shown in Fig. 4, an indication 

to allow switch SW1 to be turned ON, 
to allow switch SW2 to be turned OFF, 
to allow switch SW3 to be turned OFF, 
25 to allow switch SW4 to be turned OFF, 

to allow switch SW5 to be turned OFF, and 
to allow switch SW6 to be turned ON. 

As a result, oscillating section 7 1 0 allows the oscillator to undergo oscillation Ux in the X-axis direction. The detecting 
30 section 720 outputs a detection signal indicating displacement in the Z-axis direction of the oscillator by action of 
Coriolis force Fz produced at this time from terminal Z. The displacement detecting circuit 721 detects displacement 
quantity in the Z-axis direction on the basis of this detection signal. The controller 740 instructs the detection value 
output circuit 730 to output the detected displacement quantity as a value of angular velocity cay about the Y-axis. Thus, 
the displacement quantity in the Z-axis direction detected at the displacement detecting circuit 721 is outputted as 
35 angular velocity coy from the detection value output circuit 730. 

Further, the controller 740 carries out processing for detecting angular velocity <oz as processing at step S4. Namely, 
the controller 740 delivers, to multiplexers 71 2, 722, on the basis of the principle shown in Fig. 5, an indication 

to allow switch SW1 to be turned OFF, 
40 to allow switch SW2 to be turned ON, 
to allow switch SW3 to be turned OFF, 
to allow switch SW4 to be turned ON, 
to allow switch SW5 to be turned OFF, and 
to allow switch SW6 to be turned OFF. 

45 

As a result, the oscillating section 710 allows the oscillator to undergo oscillation Uy in the Y-axis direction. The detecting 
section 720 outputs a detection signal indicating displacement in the X-axis direction of the oscillator by action of 
Coriolis force produced at this time from terminal X. The displacement detecting circuit 721 detects displacement 
quantity in the X-axis direction on the basis of this detection signal. The controller 740 instructs the detection value 

so output circuit 730 to output the detected displacement quantity as a value of angular velocity about the Z-axis. Thus, 
the displacement quantity in the X-axis direction detected at the displacement detecting circuit 721 is outputted as 
angular velocity coz from the detection value output circuit 730. 

The above-mentioned processing is repeatedly executed via step S5. Accordingly, if such sensor is mounted in a 
moving body, it becomes possible to continuously detect acceleration components in three axial directions and angular 

65 velocity components about three axial at respective time points. 
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<7. 4> Other Detecting Principle Of Angular Velocity 

The foregoing explanation relating to detection of the multi-axial angular velocity was all based on the fundamental 
principle shown in Figs. 3 to 5. On the contrary, detection based on the fundamental principle shown in Figs. 79 to 81 

s can be made as well. For example, in the case of detecting angular velocity oix about the X-axis, in accordance with 
the fundamental principle shown in Fig. 3, a Coriolis force Fy produced in the Y-axis direction when the oscillator is 
caused to undergo oscillation Uz in the Z-axis direction is detected. In accordance with the fundamental principle shown 
in Fig. 79, it is sufficient to detect Coriolis force Fz produced in the Z-axis direction when the oscillator is caused to 
undergo oscillation Uy in the Y-axis direction. Similarly, in the case of detecting angular velocity coy about the Y-axis, 

to in accordance with the fundamental principle shown in Fig. 4, Coriolis force Fz produced in the Z-axis direction when 
the oscillator is caused to undergo oscillation Ux in the X-axis direction is detected. In accordance with the fundamental 
principle shown in Fig. 80, it is sufficient to detect Coriolis force Fx produced in the X-axis direction when the oscillator 
is caused to undergo oscillation Uz in the Z-axis direction, in addition, in the case of detecting angular velocity coz about 
the Z-axis, in accordance with the fundamental principle shown in Fig. 5, Coriolis force Fx produced in the X-axis 

is direction when the oscillator is caused to undergo oscillation Uy in the Y-axis direction is detected. In accordance with 
the fundamental principle shown in Fig. 81 , it is sufficient to detect Coriolis force Fy produced in the Y-axis direction 
when the oscillator is caused to undergo oscillation Ux in the X-axis direction. 

In short, the multi-axial velocity sensor according to this invention utilizes the natural law that, with respect to an 
oscillator positioned at the origin of three axes perpendicular to each other, in the case where angular velocity © is 

20 applied about the first axis, when oscillation U is given in the second axial direction, Coriolis force is applied in the third 
axial direction. Either selection of principles as shown in Figs. 3 to 5 or selection of principles as shown in Figs. 79 to 
81 may be made. Accordingly, it is possible to carry out detection to which the fundamental principle shown in Figs. 
79 to 81 is applied in connection with all the embodiment which have been described above. 

25 <7. 5> Detection By Combination Of The Fundamental Principles 

As described above, in the angular velocity detection according to this invention, it is possible to carry out both 
detection based on the fundamental principle shown in Figs. 3 to 5 and detection based on the fundamental principle 
shown in Figs. 79 to 81 , and it is further possible to carry out detection in which both detections are combined. For the 
so purpose of facilitating understanding, classification of respective fundamental principles is carried out. It is seen that 
six kinds of detecting operations as shown in the following Table can be made. 



<Table> 
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45 in the above Table, the column of U indicates the axial direction to excite the oscillator, the column of F indicates the 
axial direction to detect Coriolis force exerted on the oscillator, and the column of © indicates the axis relating to angular 
velocity to be detected. In the detection based on the fundamental principle shown in Figs. 3 to 5, even three detecting 
operations of the above Table are carried out. In the detection based on the fundamental principle shown in Figs. 79 
to 81 , odd three detecting operations are carried out. As previously described, it is possible to detect angular velocity 

so components about three axes of XYZ by such three detecting operations. 

Meanwhile, combination for detecting such angular velocity components about three axes is not limited to combi- 
nation of even and odd detecting operations. For example, even if combination of the detecting operations 1 to 3 of 
the first half is employed, angular velocity components about three axes of X, Y, Z can be detected. Further, even if 
combination of the detecting operations 4 to 6 of the tatter half is employed, angular velocity components about three 

& axes of X, Y, Z can be made (see the column of <o of the above Table). In addition, when such combinations are 
employed, a portion of the oscillating mechanism and the detecting mechanism may be omitted. For example, in order 
to execute the detecting operations 1 to 3 in the above Table, it is sufficient for the excitation axis of the oscillator to 
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Z Z-axis. Further, it is sufficient lor the axis tor *tect«9 Co ""J 8 *"^ x ^ is direcli0 n. Eventually, as the 
, he cotumn o. F). In other words, it is not SSjSion in two axes directs o. X-axis and 

oscillating mechanism, it is enough to permit the oecrita «* tounde go ^ y ^ and , he z „ 

the Y-axis. As the detecting mechanism, it J'^^J'^'J^^^^^^^^xwo all include an oscillating mechanism lor 
was me premise that various emb<xi.ments^ 

velocity components with respect to specific i Wo axes ot <^ detecting mechanism is further omitted. 

2 velocity sensor in which a portion of he «c**ng opeRllion 2 in the above Table. In order 

ToLantple.letnow^sideronlythed^ 

to carry out these two detecting operates, it is "^^"^ed. £ a result, it is possible to detect angular 
detect^ mechanisms in the Y-axis and Z-ax.sdj "J^^^ a dimensional angular velocity sensor 

and the detecting operation 3 In the above Tat le. I ^JJJSw? and a detecting mechanism with respect to the Z- 
£, an oscillating mechansms in the ,»•» ^ e ^2^ Y ^arKl^vek^ about It- X^e«^ 
axis direction are provided^ a result ^ 

iKi nt ISTRIAL AP PLICABILITY 

^i„o to this invention can respectively independently detect angular 
A muni*xia! angular veloci^sen^^^ 
velocity ^aboutthe X-axis, angular velocity ^ 

Ldmovement atthe time of photographing by camera. 
Claims 

characterized In that: 

252; 312; 410; 510; 640, 650) with ^'f^^^edwttha degree of freedom in all of a first axis, a 
450 560 620, 630. 660) so that the ^ 13 ^^^C^e system; 

second axis and a third ^j^^^S^Sf^ * to J8) has a .unction to oscillate the 

(g) the excitation means (E0 to E5, F0 to Fb, w w , directions; and 
^■^•n-«« rt ^^S. , S?Sorl« toRx4; Ry1 1oRy4.Bz1 toBz4; 

(h) the displacement detecting means (E0 to E5, i-u to r=. 
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D1 to 016; J1 to J6) has a function to detect a displacement of the oscillator in a detecting direction perpen- 
dicular to an axis along which the oscillator oscillates; 

(i) wherein control means (740) is further provided for executing at least two different detecting operations to 
obtain at least two angular velocity components about different axes of said three-dimensional coordinate 
5 system by changing an oscillating direction and/or a detecting direction with every detecting operation. 

2. An angular velocity sensor according to claim 1 : 

wherein the control means has a function to execute; 
10 a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement of 

the oscillator in a second axis direction to obtain an angular velocity component about a third axis; and 
a second detecting operation for oscillating the oscillator in said first axis direction and detecting a displacement 
of the oscillator in said third axis direction to obtain an angular velocity component about said second axis. 

is 3. An angular velocity sensor according to claim 1 : 

wherein the control means has a function to execute; 

a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement of 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; and 
20 a second detecting operation for oscillating the oscillator in said third axis direction and detecting a displace- 

ment of the oscillator in said second axis direction to obtain an angular velocity component about said first axis. 

4. An angular velocity sensor according to claim 1 : 

2S wherein the control means has a function to execute; 

a first detecting operation tor oscillating the oscillator in a first axis direction and detecting a displacement of 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; and 
a second detecting operation for oscillating the oscillator in said second axis direction and detecting a dis- 
placement of the oscillator in said third axis direction to obtain an angular velocity component about said first 

30 axis. 

5. An angular velocity sensor according to claim 1 : 

wherein the control means has a function to execute; 

35 a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement of 

the oscillator in a second axis direction to obtain an angular velocity component about a third axis; 
a second detecting operation for oscillating the oscillator in said first axis direction and detecting a displacement 
of the oscillator in said third axis direction to obtain an angular velocity component about said second axis; and 
a third detecting operation for oscillating the oscillator in said second axis direction and detecting a displace- 

40 ment of the oscillator in said third axis direction to obtain an angular velocity component about said first axis. 

6. An angular velocity sensor according to claim 1 : 

1 1 wherein the excitation means has a function to oscillate the oscillator in every respective direction along the 
45 respective three axes and the displacement detecting means has a function to detect a displacement of the 

oscillator in said every respective direction; and 

wherein the control means has a function to execute three different detecting operations to obtain three angular 
velocity components about said respective three axes. 

so 7, An angular velocity sensor according to claim 1: 

wherein the control means has a function to execute; 

a first detecting operation for oscillating the oscillator in a first axis direction and detecting a displacement of 
the oscillator in a second axis direction to obtain an angular velocity component about a third axis; 
ss a second detecting operation for oscillating the oscillator in said second axis direction and detecting a dis- 

placement of the oscillator in said third axis direction to obtain an angular velocity component about said first 
axis; and 

a third detecting operation for oscillating the oscillator in said third axis direction and detecting a displacement 
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of Ihe oscillator in said first axis direction to obtain an angular velocity component about said second axis. 

8. An angular velocity sensor according to claim 7: 

wherein the control means further executes a fourth detecting operation for preventing the excitation means 
s from oscillating the oscillator and for detecting displacements in all of the first, second and third axis directions of 

the oscillator to obtain acceleration components exerted in the respective directions. 



Patentanspruche 

JO 

1. Winkelgeschwindigkeitssensor zum Ermitteln einer WinkeJgeschwindigkeitskomponente bezuglich einer Achse, 
umfassend: 

(a) einen eine Masse aufweisenden Osziflator; 
is (b) ein Sensorgehause zur Aufnahme des Oszillators in seinem Inneren, 

(c) eine Verbindungseinrichtung zum Verbinden des Oszillators mit dem Sensorgehause in der Weise, daB 
der Oszillator mil einem Freiheitsgrad bewegt werden kann; 

(d) eine Anregungseinrichtung zum Anregen des Schwingens des Oszillators mit dem Freiheitsgrad; und 

(e) eine Versetzungs-Nachweiseinrichtung zum Nachweisen einer Versetzung des Oszillators; 



20 



dadurch gekennzeichnet, daG 



(f) der Oszillator (130; 210; 241; 260; 321; 440; 550; 610) von der Verbindungseinrichtung (110; 212; 252; 
312; 410, 510; 640, 650) gegenGber dem Sensorgehause (140; 220, 230; 270, 280, 290; 322, 330, 340; 450; 

2S 560; 620, 630, 660) derart gelagert wird, dafl der Oszillator mit einem Freiheitsgrad in samtliche Richtungeh 

einer ersten Achse, einer zweiten Achse undeinerdritten Achse eines dreidimensionalen Koordinatensystems 
bewegt werden kann; 

(g) die Anregungseinrichtung (E0 bis E5, F0 bis F5; GO bis G10; D1 bis D16; Jl bis J6) die Funktion hat, den 
Oszillator in mindestens einer Achsenrichtung von der ersten, der zweiten und der dritten Achsenrichtung 

so linear in Schwingung zu versetzen; und 

(h) die Versetzungsnachweiseinrichtung (E0 bis E5, F0 bis F5; GO bis G10; Bx1 bis Rx4; Ryl bis Ry4, Rzl 
bis Rz4; D1 bis D16; J1 bis J 16) die Funktion hat, eine Versetzung des Oszillators in einer Nachweisrichtung 
senkrecht zu einer Achse, entlang der der Oszillator schwingt, nachzuweisen; 

(i) wobei aufterdem eine Steuereinrichtung (47) vorgesehen ist zum Ausfuhren von mindestens zwei verschie- 
35 denen Nachweisoperationen, urn mindestens zwei Winkelgeschwindigkeitskomponenten bezuglich verschie- 

dener Achsen des dreidimensionalenKoordinatensystems zu erhalten, indem eine Schwingungsrichtung und/ 
oder eine Nachweisrichtung bei jeder Nachweisoperation geandert wird. 

2. Winkelgeschwindigkeitssensor nach Anspruch 1 , bei dem die Steuereinrichtung eine Funktion aufweist, urn fol- 
<o gende Operationen auszufuhreri: 

eine erste Nachweisoperation zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, um eine Winkelgeschwindig- 
• keitskomponente bezuglich einer dritten Achse zu erhalten; und 
45 eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der ersten Achse und zum 

Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkeigeschwindigkeits- 
komponente bezuglich der zweiten Achse zu erhalten. 

3. Winkelgeschwindigkeitssensor nach Anspruch 1 , 

so 

bei dem die Steuereinrichtung die Funktion hat, folgende Operationen auszufuhren: 
eine erste Nachweisope ration zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, um eine Winkelgeschwindig-. 
keitskomponente bezOglich einer dritten Achse zu erhalten, und 
55 eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der dritten Achse und zum 

Nachweisen einer Versetzung des Oszillators in Richtung der zweiten Achse, um eine Winkelgeschwindig- 
keitskomponente bezOglich der ersten Achse zu erhalten. 



35 



EP 0 662 601 81 



4. Winkelgeschwindigkeitsfuhler nach Anspruch 1 , bei dem die Steuereinrichtung die Funklion hat, folgende Opera- 
ttonen auszufuhren: 

eine erste Nachweisoperation zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
5 Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, urn eine Winkelgeschwindig- 

keitskomponente bezuglich einer dritten Achse zu erhalten; und 

eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der zweiten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkelgeschwindigkeits- 
. komponente bezuglich der ersten Achse zu erhalten. 

w 

5. Winkelgeschwindigkeitssensor nach Anspruch 1, bei dem die Sleuereinrichtung die Funktion hat, tolgende Ope- 
rationen auszufuhren. 

eine erste Nachweisoperation zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
is Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, um eine Winkelgeschwindig- 

keitskomponente bezuglich einer dritten Achse zu erhalten; 

eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkelgeschwindigkeits- 
komponente bezuglich der zweiten Achse zu erhalten; und 
20 eine dritte Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der zweiten Achse und zum 

Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkelgeschwindigkeits- 
komponente bezuglich der ersten Achse zu erhalten. 

6. Winkelgeschwindigkeitssensor nach Anspruch 1 , bei dem die Anregungseinrichtung die Funktion hat, den Oszil- 
25 )ator in jeder Richtung entlang der jeweiligen drei Achsen zum Schwingen zu bringen, und die Versetzungsnach- 

weiseinrichtung die Funktion hat, eine Versetzung des Oszillators in jeder jeweiligen Richtung nachzuweisen; 
wobei die Steuereinrichtung die Funktion hat, drei verschiedene Nachweisoperationen auszuluhren, um bezuglich 
den drei Achsen drei Winkelgeschwindigkeitskomponenten zu gewinnen. 

30 7. Winkelgeschwindigkeitssensor nach Anspruch 1 , bei dem die Steuereinrichtung die Funktion hat, folgende Ope- 
rationen auszufuhren. 

eine erste Nachweisoperation zum Schwingenlassen des Oszillators in Richtung einer ersten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung einer zweiten Achse, um eine Winkelgeschwindig- 
35 keitskomponente bezuglich einer dritten Achse zu erhalten; 

eine zweite Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der zweiten Achse und zum 
Nachweisen einer Versetzung des Oszillators in Richtung der dritten Achse, um eine Winkelgeschwindigkeits- 
komponente bezuglich der ersten Achse zu erhalten; und 

eine dritte Nachweisoperation zum Schwingenlassen des Oszillators in Richtung der dritten Achse und zum 
40 Nachweisen der Versetzung des Oszillators in Richtung der ersten Achse, um eine Winkelgeschwindigkeits- 

komponente bezuglich der zweiten Achse zu erhalten. 

8. Winkelgeschwindigkeitssensor nach Anspruch 7, bei dem die Steuereinrichtung auGerdem eine vierte Nachweis- 
operation ausfuhrt, um die Anregungseinrichtung an einem Anregen des Oszillators zum Schwingen zu hindem. 
45 und um Versetzungen des Oszillators in jeder Richtung entlang der ersten, der zweiten und der dritten Achse 
nachzuweisen, um Beschleunigungskomponenten zu erhalten. die in den jeweiligen Richtungen wirken. 



Revendicattons 

so 

1, Capteur de vitesse angulaire pour detecter une composante de Vitesse angulaire autour d'un axe, le capteur 
comprenant: 

(a) un oscillateur poss6dant une masse ; 
55 (b)un boltier de capteur servant a loger I'oscillateur ; 

(c) des moyens de raccordement pour raccorder I'oscillateur au bottler du capteur de sorte que f oscillateur 
pout etre deplace avec un degre de liberie ; 

(d) des moyens d'excitation pour faire osciller I'oscillateur avec tedit degre de liberte ; et 
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(e) des moyens de detection de deplacement pour detecter un deplacement de I'oscillateur ; 
caracterise en ce que 

5 (f) I'oscillateur (130 ; 211 ; 241 ; 260 ; 321 ; 440 ; 550 ; 610) est supporte par les moyens de raccordement 

(110 ; 212 ; 252 ; 312 ; 410 ; 510 ; 640, 650) par rapport au boitier (140 ; 220, 230 ; 270, 280, 290 ; 322, 330, 
340 ; 450 ; 560 ; 620, 630, 660) du capteur de sorte que I'oscillateur peut etre deplace avec un degr6 de iibertS 
dans la totalite des directions d'un premier axe, cfun second axe et d'un troisieme axe d'un systeme de coor* 
donnees tridimensionnel ; 

io (g) les moyens d'excitation (E0 a E5, F0 a F5 ; GO a G10 ; D1 a D1 6 ; J1 a J6) ont pour rdle de faire osciller 

I'oscillateur lineairement dans au moins une direction d'axe parmi lesdites premiere, seconde et troisieme 
direction d'axes ; et 

(h) les moyens de detection de deplacement (E0 a E5, F0 a F5 ; GO a G10 ; Rx1 a Rx4 ; Ryl a Ry4, Rzl a 
R24 ; D1 a D16 ; J1 a J6) ont pour rdle de detecter un deplacement de I'oscillateur dans une direction de 

1$ detection perpendiculaire a un axe te long duquel i'osciiiateur osciile ; 

(i) dans lequel des moyens de commande (740) sont en outre prevus pour executer au moins deux operations 
de detection differentes pour fobtention d'au moins deux composantes de vitesse angulaire autour d'axes 
differents dudit systems de coordonnees tridimensionnel, par modification d'une direction d'oscillation et/ou 
cfune direction de detection tors de chaque operation de detection. 

20 

2. Capteur de vitesse angulaire selon la revendication 1 , 

dans lequel les moyens de commande ont pour rdle d'executer : 

une premiere operation de detection pour faire osciller I'oscillateur dans une premiere direction d'axe et de- 
25 teeter un deplacement de Foscillateur dans une seconde direction d'axe pour obtenir une composante de 

vitesse angulaire autour d'un troisieme axe ; et 

une seconde operation de detection pour faire osciller I'oscillateur dans ladite premiere direction d'axe et 
detecter un deplacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante 
de vitesse angulaire autour dudit second axe. 

30 

3. Capteur de vitesse angulaire sebn la revendication 1 , 

dans lequel les moyens de commande ont pour rdle d'executer : 

une premiere operation de detection pour faire osciller I'oscillateur dans une premiere direction d'axe et d§- 
35 teeter un deplacement de I'oscillateur dans une seconde direction d'axe pour obtenir une composante de 

vitesse angulaire autour d'un troisieme axe ; et 

une seconde operation de detection pour faire osciller I'oscillateur dans ladite troisieme direction d'axe et 
detecter un deplacement de I'oscillateur dans ladite seconde direction d'axe pour obtenir une composante de 
vitesse angulaire autour dudit premier axe. 

40 

4. Capteur de vitesse angulaire selon la revendication 1 , 

dans lequel les moyens de commande ont pour role d'executer : 

•< une premiere operation de detection pour faire osciller I'oscillateur dans une premiere direction d'axe et de- 
4S teeter un deplacement de I'oscillateur dans une seconde direction d'axe pour obtenir une composante de 

vitesse angulaire autour d'un troisieme axe ; et 

une seconde operation de detection pour faire osciller I'oscillateur dans ladite seconde direction d'axe et de- 
tecter un deplacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante de 
vitesse angulaire autour dudit premier axe. 

so 

5. Capteur de vitesse angulaire selon la revendication 1 , 

dans lequel les moyens de commande ont pour r6le d'executer : 

une premiere operation de detection pour faire osciller I'osciiiateur dans une premiere direction d'axe et de- 
ss teeter un deplacement de I'oscillateur dans une seconde direction d'axe pour obtenir une composante de 

vitesse angulaire autour d'un troisieme axe ; et 

une seconde operation de detection pour faire osciller I'oscillateur dans ladite premiere direction d'axe et 
detecter un deplacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante 
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de vitesse angulaire autour dudit second axe ; et 

une troisieme operation de detection pour (aire oscilier I'oscillateur dans ladite seconde direction d'axe et 
detecter un deplacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante 
de vitesse angulaire autour dudit premier axe. 

Capteur de vitesse angulaire seton la revendication 1 . 

dans lequel les moyens d*excitation ont pour r6le de faire oscilier I'oscillateur dans n'importe quelle direction 
respective te long des trois axes respectifs, et les moyens de detection de deplacement ont pour role de 
detecter un deplacement de I'oscillateur dans ladite direction respective quelconque ; et 
dans lequel les moyens de commande ont pour role cfexecuter trois operations de defection differentes pour 
obtenir trois composantes de vitesse angulaire autour desdits trois axes respectifs. 

Capteur de vitesse angulaire seton la revendication 1 , 

dans lequel les moyens de commande ont pour rdie d'executer : 

une premiere operation de detection pour faire oscilier I'oscillateur suivant une premiere direction d'axe et 
d6tecter un deplacement de I'oscillateur dans une seconde direction d'axe pour obtenir une composante de 
vitesse angulaire autour d'un troisieme axe ; et 

une seconde operation de defection pour faire oscilier I'oscillateur dans ladite premiere direction axe et detecter 
un deplacement de I'oscillateur dans ladite troisieme direction d'axe pour obtenir une composante de vitesse 
angulaire autour dudit premier axe ; et 

une troisieme operation de detection pour faire oscilier I'oscillateur dans ladite seconde direction d'axe et 
detecter un d6placement de I'oscillateur dans ladite premiere direction d'axe pour obtenir une composante de 
vitesse angulaire autour dudit second axe. 

Capteur de vitesse angulaire selon la revendication 7, 

dans lequel les moyens de commande executent en outre une quatrieme operation de detection pour em- 
pecher que les moyens d'excitation f assent oscilier I'oscillateur, et pour detecter des deplacements dans la totalite 
des premiere, seconde et troisieme directions d'axes de I'oscillateur pour obtenir des composantes ^acceleration 
appliquees dans les directions respectives. 
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